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1THE TRANSFER OF HEAT THROUGH BOILER TUBES 
COATED WITH SCALE.
The form to "be followed In this thesis is the one 
generally used in the Mechanical Engineering Department 
inreporting experimental work. The work has therefore 
Been arranged in the following form.
A - INTRODUCTION.
(a) - Object.
(b) - Previous work on the same subject.
(c) - General method of procedure.
B - APPARATUS.
(a) - Description.
(b) - Plates and Photos.
C - MANNER OF CONDUCTING TESTS. 
D - TABLES.
E - CALCULATIONS.
D - CONCLUSIONS AND REMARKS.
2A - INTRODUCTORY.
(a) OBJECT. - The object of this thesis is to determine the 
relative efficiency of boiler tubes coated with scale for con­
ducting heat to the boiler ,¥/ater as compared with a clean tube 
under the*same conditions.
The tests reported in this thesis were all made on locomotive 
boiler tubes; the same principles, however, hold true for tubes 
from any type of boiler.
(b) PREVIOUS WORK. - Four theses have been submitted on this 
subject, one by Armstrong and Herwig, class of *99, one by F.L. 
McCune, class of *01, one by Miskimen and Stone, class of *04, 
and one by Godeke and Hale, class of '05.
The work of Armstrong and Herwig was divided into two parts.
The first part consisted in testing a complete locomotive, just 
before, and again, just after, the boiler had been cleaned in 
the shops. This part is to be strongly recommended if the object 
of the test is to determine the per cent, of steam making effi­
ciency that a boiler loses on account of the scale acquired dur­
ing a certain time in service. However, if as is true in the pre­
sent case, the object is as stated above in A (a), this method 
of procedure is far from being an ideal one, as the thickness, 
hardness, porosity, and chemical composition vary with the posi­
tion of the tube in the boiler. To find the effect of the scale 
on the transfer of heat through tubes it is therefore much better 
to confine one’s attention to one tube at a time. This Armstrong 
and Herwig did. They experimented on different forms of appara-
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tus, but did not meet with much success.
Mr. McOune took up their work and improved their apparatus for 
testing single tubes. Since then the apparatus has been but 
slightly changed until the present year. This will be described 
in detail under MBM.
(c) GENERAL METHOD. - The method pursued in the experimental 
work of this thesis was, briefly, as follows
An apparatus was constructed, consisting of a small blast fur­
nace operating in connection with a horizontal fire tube boiler 
containing one tube which is easily removed. The hot gases from 
the furnace pass through this fire tube and the heat transferred 
through the tube is carried away from it by water which enters 
the boiler at the exhaust end and flows in a direction opposite 
to that of the furnace gases, and is discharged from the furnace 
end into the weighing tank.
In conducting the tests the following observations were 
made:-
1. Furnace temperature.
2. Temperature of exhaust gas.
3. Temperature of water entering the boiler.
4. Temperature of water leaving the boiler.
5. Amount of water passing through the boiler in a 
specified time.
This series of readings was taken with clean and scaled tubes. 
The amount transforred by the scaled tubes was compared with that 
transmitted by the clean tubes. For the details of the method 
followed, see WC".
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B. - APPARATUS.
The main parts of the apparatus are as follows
(1 ) Water chamber or boiler.
(2 ; Combustion chamber or furnace.
(3) Burner.
(4) Constant pressure water tank.
(5) Constant pressure tanks for air and gas.
(6 ) Weighing tank with platform scales.
(7) Pyrometer and thermometer.
(1) BOILER. - The body of the boiler —  marked "A'1 in view 
Plate 1 , —  is a piece of ten inch wrought iron pipe, with a 
standard flange screwed on each end. These flanges have an out­
side diameter of 16 inches, and are drilled with eight holes on
a 14 inch circle. On each is bolted a plate, of the same diameter
and thickness as the flange, and having a 2  ^inch hole in the2
center into which the tube is packed. Rubber gaskets are placed 
brtween the heads and the flanges, and thus when the tube is 
packed into the heads with asbestos, the boiler is water tight.
A 2g inch by 2 inch bushing was screwed into one piece of a 2 
inch flanged union and this when the tubu went inside of it 
made a good packing gland. A gland of this kind was fastened at 
each end by studs in the heads of the boiler.
Water enters at the top of the exhaust end from the water tank 
as shown in Plate 1 , and passes out from the top of the furnace 
end to the weighing tank.
(2) COMBUSTION CHAMBER. - The combustion chamber, "C" Plato
>■
5
is built of common brick and firs brick as shown. This chamber 
is 12 inches in diameter and 36 inches long. At the burner end 
is a piece of sheet steel 19 inches square, the center of this 
piece being in the center line of the chamber. A cast iron flange 
a3 shown in Plate 1 , is bolted onto this sheet metal. Extending 
through both i3 a hole just large enough to admit a 2 inch pipe*
j
Through this hole the burner "Bn projects into the chamber. A
set screw holda the burner in any desired position. Into one side
of this chamber near the burner end was screwed a piece of in.
pipe to aid the combustion when starting. A cap was screwed onto
this pipe after starting. Into the same side but near the opposite
3end is projected a piece of ^ inch porcelain tube, filled at the 
nearer end with fire clay to protect the pyrometer tube which is 
inserted into it*
The boiler flue projected from the end of the boiler to the
chamber, the intervening space being packed with asbestos after
each tube i3 put in place ready for testing.
(3) BURNER. - The burner is shown in section in Platen, and is
also shown in the photograph No. 1 . It consists of a 1^ inch
cast iron HTW in one end of which is a pipe 18 inches long, and
in the other end,a plug. This plug is bored to admit a *L" gas
pipe and also tapped at right angles to the pipe for a - 2 inch16
set screw which holds the pipe at any desired position. Illumi­
nating gas is admitted through the ^ inch pipe and compressed air 
is admitted through the bottom of the "TH, and into the surround­
ing pipe. The two form a combustible mixture and b u m  at the end 
of the tube. Flexible tubing is placed between the burner and the 
tanks in order that the' burner may be easily removed from the
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combustion for lighting.
Surrounding the 1 - inch pipe of the burner is a two inch pipe. 
The space between these pipes was packed with asbestos. This was 
done in order to keep the 1 ^ inch pipe from getting so hot that 
the mixture of gas and air would b u m  inside of it, instead of 
at the end where the best flame is to be obtained.
(4) - WATER TANK. - The constant pressure water tank, shown in 
Plate I , and also in photograph No* I , is simply a galvanized 
tank, 15 inches in diameter, and having two pipe connections 
near the bottom. It is supported upon a wooden stand. Water flows 
into the top from the service pipe. One of the pipes at the bot­
tom leads to the boiler, and the other is an overflow pipe. The 
water must be 18 inchesdeep before any overflow occurs. Thus as 
long as the overflow is kept running slightly there is a con­
stant head in the tank.
(5) AIR AND GAS TANK. - A section of one of the constant pres­
sure tanks, used for air and gas, is shown on Plate H X  The 
tanks are identical except for the piping. In the gas jiahk the 
inlet is a ljj; inch pipe and the outlet, a inch pipe. In the
17air tank the inlet is a ^ inch pipe, and the outlet is a pipe. 
Each consists of a stationary tank, to hold water, which is con­
nected to the supply main and has an inlet and an outlet pipe, 
flAM and "B" respectively, coming up nearly level with the top of 
the tahk as shown. In the tank is a central axis of ^  inch gas 
pipe, which is stayed at the lower end by the metal cone. This 
tahk is about half fillied with water and an inverted tank placed 
. The inverted tank ha3 through its center a 1^ inch pipeinit
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which slides over the tank of the water tank , thus keeping the 
two central and allowing the inverted tank to move freely. It is 
kept floating by the pressure of the gas or air between it and 
the water, so the pressure delivered at the burner can be regu­
lated by placing different weights on top of the floating tank.
No weight is needed on top of the gas tank the weight of the in­
verted tank alone being sufficient to furnish the necessary a- 
raount of gas. As long as the tank with the given weight is sus­
tained, the pressure of the outgoing gas is practically constant.
(6 ) WEIGHING TANK. - The weighing tank is shown in photo No. 1. 
It is made of galvanized iron, holds about 1000 lbs. of water, 
and has an outlet, near the bottom, controlled by a gate valve.
It is mounted upon a pair of platform scales.
(7) PYROMETER. - The temperature of the escaping gases was ta­
ken with a mercury flue gas thermometer having a range of 250 to 
1000 degrees, F. The temperatures of the water entering and 
leaving the boiler were taken with an ordinary mercury thermometer 
having a range of 0 to 1 2 0 degrees F. To determine the furnace 
temperature, however, a Oallendar and Griffith's patent resistance 
thermometer connected with a Whipple patent temperature indicator 
was used, and this outfit gave very satisfactory results. This 
apparatus is shown in Photograph No. III.
The principle involved in this instrument i3 the increase of 
electrical resistance of a platinum wire with the temperature , 
and by means of a specially designed bridge the temperature values 
are read directly in degrees Fahrenheit. The Oallendar and Grif­
fiths resistance thermometer consists of a fine platinum wire
8wound on a mica frame and connected by means of stout copper 
or platinum leads to terminals in the head of the thermometer.
Two similiar leads, but unconnected to the coil, pass through 
the whole length of the thermometer and act as compensating loads. 
By this means no error is introduced by the variation of the 
temperature of the wires connecting the thermometer with the in­
dicator. All of these leads and the platinum coil are incased in 
a porcelain tube to prevent injury to the wires from abrosion, 
corroding gases, etc.
Inserted in the side of the brick furnace and projecting just 
across the opening , in the end of the furnace, for the boiler 
tube, is a porcelain tube, such as electricians use in wiring 
buildings —  18 inches long and having a bore & inch in diameter. 
The inner end of this tube was sealed up with fire clay. Into 
this tube the resistance thermometer was placed.
G. - MANNER OF CONDUCTING TESTS.
The method of running each test was as follows:- 
The tube to be tested wa3 inserted in the boiler and each end of 
the boiler made water tight by means of packing glands; the end 
of the furnace , Into which the tube xvas projected, was sealed 
up with fire clay and the space surrounding this tube between 
the boiler and the furnace was completely filled with asbestos 
which was held in place by thin metal bands. The burner was then 
removed , and the pyrometer and the three thermometers put in 
place. The gas and air wefle then turned on filling the constant 
pressure tanks. The water was turned on always before lighting 
the burner so that there woiild be no chance of the apparatus
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becoming hot while still dry, and the flow regulated. The burner 
was lighted with the gas and a little air turned on. The air 
turned was just enough to maintain the flame at the end of the 
tube and allow it no chance whatever to get back into the burner.
It was then inserted into the furnace only a little way and with 
the vent pipe at the side of the furnace open was kept in this 
position until the brick chamber was quite hot, when the burner 
was placed in its final position. More air was turned on and the 
vent pipe closed. The amount of gas and air now admitted was kept 
nearly the same for all the tests by marks on the valve stems.
It generally took about an hour*s running from the time the 
burner was lighted to heat up to working conditions and the test 
was not begun until the temperature of the furnace and exhaust 
gases and the final temperature of the water in the boiler were 
almost constant.
The furnace temperature was kept about 1950 or 2000 degrees 
Fahrenheit. The position of the burner in the combustion chamber 
was kept constant and the temperature regulated by the gas cock*
The tubes were all numbered and on each tube was placed a tag 
upon which was the number of that tube. Letters accompanying 
the tubes gave the following information:
1 * The road and division from which the tube came.
2 . Time in actual service.
3. Number of engine from which it was taken.
After testing the tubes, the thickness of the scale was meat—  
sured and samples of scales were sent to the Chemistry Department 
for analysis.
All data, including chemical analysis, is contained in the tables 
of results which follow.
Photograph No

Photograph No. 3
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Test No. 2.
April 18, 1906.
Tube No. 1.
______ Degrees in Tempera■t.ure.F.______________
Time Furnace Exhaust Entering Leaving
A.»M • Gases Gases Water Water
9 50 1903 639 59. 78.
9 55 1930 640 59. 77.
10 00 1945 644 59. 76.
10 05 1952 644 59. 76.
10 10 1955 640 59. 76.
10 15 1972 640 59. 76.
10 20 1976 640 59.3 76.
10 25 1985 639 59 6 76.
10 30 1996 635 59.5 76.
10 35 2000 634 59 .2 76 .
10 40 1994 640 59 . 76.
10 45 2008 644 59 . 76.
10 J5Q___ 2024 644 59. 76 .
Average 1972.4 640.2 59.1___ ____7 6..±2____
Water passed through boiler 970 lbs.
Mean temperature of gases 1306.3
Meantemperature of water in boiler 67.7
Difference 1238.6
Rise in temperature of water 17.1
B.T.U. given up to water 16585.
B.T.U. transmitted per degree range of temperature 13.62 
Loos due to scale .79 
Loss in per cent 5.48
1 2 .
Test No. 3.
April 18, 1906.
Tube No. 1.
Time
P.M.
________ Pepj in TfiTnrmrat/nre .F#
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
3:10 2014 654 59 .4 77.
3:15 2 0 1 1 653 59.4 77.
3:20 2 0 10 648 59.2 . 77.
3:25 2 0 1 1 642 59.2 77.
3:30 2 0 1 2 640 59.4 77.
3:35 2004 643 59.3 77.
3:40 2005 641 59.3 76.5
3:45 2 0 0 1 643 59.5 76 .
3:50 1998 639 59.5 76.
3:55 1995 639 59 .8 76.
4:00 1992 643 59.9 76.
4:05 2004 637 60. 76.
_4:1Q____ 2003 644 60. 76.
Average 2004.6 643.5 59.5 76.5
Water passed through boiler 957. lbs.
Mean temperature of gases 1324.
Mean temperature of water in boiler 6 8 .
Difference 1256.
Rise in temperature of water 17.
B.T.U. given up to water 16270.
B.T.U. transmitted per degree range of temperature 12.94 
Loos due to scale 1.49 
Loss in per cent 10.34
Test No. 4 13
April 20, 1906.
Engine No. 6162. Tube No. 2 .
Road- Big Pour. Mean thickness of scale- .046”
Division-Ind*p'3 . & Sp’gf'dyO. Character of scale-Soft,porous, 
Time in use- Dec. 31,1904-one set of tubes applied, uneven,sandy. 
July 22,’05- 40 flues removed.(250 in sot). Removed Mar. 9,'06.
CHEMICAL ANALYSIS.
Constituents. Si 0« P e 2 °3 AlA O Cci SO . Ca 00^ Ca 0
Amount in % 6.60
Aj O
2.96
4
1.61 73.00 1,61 .
Constituents. Ms CO,, Mg 0 Moisture
Org. Mat. 
and Aik.
Amount in $ 8.85 .24 5.13
Time
A.M.
o r' in Tampansi.t.nrft .F._________________
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
9:30 1910 525 60.5 75.
9:35 1927 526 60.5 75.
9:40 1937 527 60.5 75.2
9:45 1941 528 60.5 75.3
9:50 1948 530 60.5 75.3
9:55 1955 531 60.5 75.
1 0 : 0 0 1956 534 60.5 75.2
10:05 1958 536 60.2 75.1
1 0 : 1 0 1953 539 60. 75.1
10:15 1947 544 60. 75.2
1 0 : 2 0 1947 546 60.1 75.
10:25 1948 546 60.1 75.
10:30 1952 548 60.1 75.
Average 1944.5 535.4 60.3 75.1
Water passed through boiler 934 lbs.
Mean temperature of gases 1240
Mean temperature of water in boiler 67.7
Difference 1172.3
Rise in temperature of water 14.8
B.T.U. given up to water in boiler 13820
B.T.U. transmitted per degree range of temperature 11.80
Loss dtie to scale 2.61
Loss in per cent 18.12
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Test No, 5. 
April 20, 1906. 
Tube No. 2.
Time
A.M.
H n _A n_(Pftmr>Ar»f> t.Tirn - F -________________
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
10:35 1954 550 60.1 75.
10:4-0 1956 550 60.1 75.
10:45 1957 551 60.1 74.5
10:50 1990 549 60.1 74.5
10:55 1995 545 60.1 74.5
1 1 : 0 0 2 0 1 2 545 60.1 75.
11:05 2015 545 60.1 75.
1 1 : 1 0 2016 544 60.2 75.
11:15 2022 544 60.3 75.
1 1 : 2 0 2034 543 60.2 75.
11:25 2055 544 60.4 75.
11:30 2030 544 60.5 75.
1 1 : 3 C' on^ .n 60.5 75.
Average__ ___ 2005 ____546.5___ 60 -2 74.9
Water passed through boiler 922. lbs.
Mean temperature of gases 1275.8
Mean temperature of water in boiler 67.6
Difference 1208.2
Rise in temperature of water 14.7
B.T.U. givon up to water 13560.
B.T.U. transmitted per degree range of temperature 11.21 
Loss due to scale 3.20 
Loss in per cent 22.22
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Tost No. 6 . 
April 20, 1906. 
Tube No. 2 .
Time
P.M.
_______ T)Qcrr»ftp>R in_Tmrmfi-raturft. F.
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
4:10 2052 561 61. 77.
4:15 2052 566 6 1 . 77.
4:20 2057 567 60.9 77.
4:25 2070 562 60.9 77.
4:30 2066 566 60.8 77.
4:35 2066 568 60.8 77.
4:40 2078 569 60.8 77.
4:45 2080 570 60.7 77.
4:50 2090 569 60.6 77 .
4:55 2 1 0 2 565 60.7 77.
5:00 2109 565 60.7 77.
5:05 2116 562 60.7 77.
__5:10___ ____ 22 2 560 60 .7 77.
Average ____2081.5 ___ 565.4 60.8 ____ 77*____
Water passed through boiler 923 lbs.
Mean temperature of gases1324.
Mean temperature of water in boiler 68.9 
Difference 1255.1 
Rise in temperature of water 16.2 
B.T.U. given up to water 14950.
B.T.U. transmitted per degree range of temperature 11.90 
Loss due to scale 2.51 
Loss in per cent 17.42
Test No.7 16
April 26, 1906.
Engine No. 6164. Tube No. 3.
Road- Big Four*. Mean thickness of scale- .071”
Division- Peoria & Indianapolis.Character of scale- Hard,uneven 
Tine in use- 17 l/2 mo. gray.
C HEMICAL ANALYSIS.
Constituents. Si On
Fep 0_
Ai; o£ Ca SO , Ca C0„ Ca 0
Amount in 10.36
ti 6
... 2.64
4~
2.13
3
32.46...3..44-
Constituents. Mg C0~ Mg 0 Moisture
Org. Mat.
and Aik.
Amount in $ 29~26 1.46 12.25
Time
A.M.
_______Dagrsas in Tampar?:ttur a . P.
Furnace
Gases
Exhaust
Gases
Entering
Yfater
Leaving
YTater
9:35 1935 545 61.5 79.7
9:40 1935 546 61.5 79.6
9:45 1923 546 61.5 80.3
9:50 1908 545 61. 80.
9:55 1904 554 61.2 80.7
1 0 : 0 0 1904 554 61. 81.
10:05 1924 559 61. 81.5
1 0 : 1 0 1932 564 61.3 82.5
10:15 1941 568 61.4 82.5
1 0 : 2 0 1948 567 61.5 82.8
10:25 1954 570 61.5 83.
10:30 1941 565 61.4 83.
10:35 1938 563 61.5 83.
Average 1929 .7 557.4 61.3 81.5
YTater passed through boiler 685 lbs.
Mean enperature of gases 1243.6
Mean temperature of water in Boiler 71.4
Difference 1172.2
Rise in temperature of water 20.2
B.T.U. given up to water in boiler 13837.
B.T.U. transmitted per degree range of temperature 11.81 
Loss due to scale 2.60 
Loss in per cent 18.04
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Test No. 8 . 
April 26, 1906. 
Tube No. 3.
Time
A.M.
Degrr)es in Terrmeratirre .F._______________
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
10 40 1.921 562 61.3 "”82.1
10 45 1939 526 61.3 82.
10 50 1925 532 61.5 80.8
10 55 1914 544 61.5 80.6
1 1 00 1942 551 61.3 80.7
1 1 05 1949 552 61.2 80.
1 1 10 1951 550 • 61. 79.9
1 1 15 1950 543 61. 79.8
1 1 20 1955 543 61. 80.5
1 1 25 1941 545 61. 79.5
1 1 30 1954 547 61. 79 .7
1 1 35 1947 549 61. 79.5
_1L t^o__ 1900 PRO 61. 79 .5
Average 1941.4 545.7 61.2 78.8
Water passed through boiler 812 lbs.
Mean temperature of gases 1243.6 
Mean temperature of water in boiler 70.
Difference 1173.6
Rise in temperature of water 17.6
B.T.U. given up to water 14290.
B.T.U. transmitted per degree range of temperature 11.48 
Los© due to scale 2.93 
Loss in per cent 20.32
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Test No. 9 . 
April 26, 1906. 
Tube No. 3.
Time
A.M.—
________Decrees in Tonrneratnre .F.______
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Tfater
11:45 1947 "552 61.3 79.
11:50 1936 553 61.6 78.9
11:55 1947 556 61.7 79.3
1 2 : 0 0 1960 561 61.6 79.
12:05 1947 558 61.7 78.9
1 2 : 1 0 1935 556 61.6 78.7
12:15 1933 552 61.7 79.
1 2 : 2 0 1936 553 61.8 78.8
12:25 1940 552 61.8 79.3
12:30 1936 549 61.9 78.5
12:35 1923 547 62. 79.
12:40 1937 554 62.1 79.512:4.5 ____1935___ ___ 5£S_____ 61.8 80.
Average 1939.4 553.7 61.7 79.1
Water passed through boiler 843 lbs.
Mean temperature of gases 1246.6
Mean temperature of water in toiler 70.4
Difference 1176.2
Rise in temperature of water 17.4
B.T.U. given up to water 14668.2 '
B.T.U. transmitted per degree range of temperature 12.47 
Loss due to scale 1.94 
Loss in per cent 13.44
Test No. 10 19
April 26, 1906.
Engine No. 6164. Tube No. 4.
Road- Big Four. Mean thickness of scale- .018"
Division- Peoria & Indianapolis. Character of scale - Soft,sandy. 
Time in use- 17 1/2 mo.
CHEMICAL ANALYSIS.
Constituents. Si 0„ .
Fog 0„ 
Alo 02 Ca SCy Ca CCU Ga 0
.Amount in /
O
6.30
& o 
3.20
ft
5.35
O i
69.43
Constituents. o o * Mg 0 Moisture
Org. Mat. 
and Aik.
Amount in ^__ 3.85 ' 7.77 .39 3.71
PfiPTfifiR in Tfimnm
Time
P.M.
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
3:35 1955 540 62. 77.5
3:40 1980 540 62. 78.6
3:45 1956 535 62. 77.2
3:50 1964 535 62. 78.2
3:55 1982 540 62. 77.8
4:00 1986 546 62. 70.1
4:05 1970 546 61.8 78.3
4:10 1985 • 543 61.8 78.6
4:15 1966 538 61.8 78.8
4:20 1946 539 61.8 78.8
4:25 1955 539 61.7 79.
4:30 1947 542 61.8 78.6
4:35 1956 540 61.8 78.0
Average 1965.2 540.2 61.9 78.3
Water passed through boiler 859 lbs.
Mean temperature of gases 1252.7 
Mean temperature of water in boiler 70.1 
Difference 1182.6 
Rise in temperature of water 16.4 
B.T.U. given up to water in boiler 14087.6 
B.T.U. transmitted per degree range of temperature 11.91 
Loss due to scale 2.50 
Loss in per cent 17.56
Test No. 11
2 0 .
April 26, 1906. 
Tube No. 4.
Time
P.M.
______ Dep-rees in Torrvnerat.ure.F.
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
4:40 1940 54-0 .61.8 ---7W~.-----
4:45 1952 543 61. 79.4
4:50 1970 545 61.2 79.3
4:55 1972 547 61.5 79 .5
5:00 1974 549 61.5 79.8
5:05 1966 548 61.8 80.
5 : 10 1957 549 61.9 80.
5:15 1965 548 62. 80.5
5:20 1966 545 62. 81.
5:25 1975 544 62. 81.5
5:30 1966 544 62. 80 .4
5:35 1945 539 62. 80.5
5:40 1962 548 62. 80.7
Average 1962.3 545.3 61.7 80.1
Water passed through boiler 765 lbs*
Mean temperature of gases 1253.8
Mean temperature of water in boiler 70.9
Difference 1182.9
Rise in temperature of water 18.4
B.T.U. given up to water 14076.
B.T.U. transmitted per degree range of temperature 11.88 
Loss due to scale 2.53 
Loss in per cent 17.57
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Test No. 1 2 .
April 26, 1906. 
Tube No. 4.
Time
F.M.
________ Deg-rees in Tem-neratnre,F.__
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
5745 540 6 2. 80.3
5:50 1945 532 62. 79.2
5:55 1940 536 61.7 79.
6 :0 0 1953 534 61.8 79 .4
6:05 1956 533 62. 80 .
6 : 1 0 1959 552 62. 80.5
6:15 1960 532 62.3 80.3
6 : 2 0 1959 533 62.5 79.5
6:25 1960 533 62.7 79.7
6:30 1961 535 62.7 79.7
6:35 1968 536 62.7 79.2
6:40 1975 535 62.5 79.2'
6:45 1985 536 62.5 79 ._____
Average 1960.8 534.4 62.3 79 .6
Water passed through boiler 815 lbs.
Mean temperature of gases 1847.6 
Mean temperature of water in boiler 71.
Difference 1176.6
Rise in temperature of water 17.5
B.T.U. given up to water 14100.
B.T.U. transmitted per degree range of temperature 11.98 
Loss due to scale 2.43 
Loss in per cent 16.87
Test No. 13. 22
April 27, 1906.
Engine No. 6164. Tube No. 5.
Road- Big Four. Mean thickness of scale- .084”
Division- Peoria & Indianapolis. Character of scale- Medium,very 
Time in use- 17 1/2 mo. irregular,
muddy.
CHEMICAL ANALYSIS.
Constituents. Si 0„ A?2 A3Alo Or* Ca SO4 Ca CO3 Ca 0
Amount in 12.64~
J—1 O
4.22 1 1 . 7 3 46.60
_Const. 1 t.uentn ■.__Mg 00- Mg 0 Moisture
Org. Mat. 
and Aik.
Amount in #
0 3 3.29 15.13 .97 5.42
Tine 
A.M.—
_______Dagrees in Tem-qerature.F.
Furnace
C-ases
Exhaust
Gases
Entering
Water
Leaving
Water
11:40 1915 582 61.0 80 .8
11:45 1933 593 60.5 80.5
11:50 1960 594 60.2 80.
11:55 1977 590 60. 78.
1 2 : 0 0 1980 591 60. 79.
12:05 1983 578 60. 77.
1 2 : 1 0 1973 574 60.2 78.512:15 1983 571 60.3 78.
1 2 : 2 0 1965 566 60.2 77.2
12:25 1960 574 60.2 77.4
12:30 1969 571 60.2 75.512:35 1971 570 60.3 77.-.12:40___ ____ 1969 539 60 .6 77.
Average 1964.5 577.9 60.3 78.1
Water passed through boiler 912 lbs.
Mean temperature of gases 1271.2
Mean temperature of water in boiler 69.2
Difference 1202.0
Rise in temperature of water 17.8
B.7.U. given up to water in boiler 16233.6
B.T.U. transmitted per degree range of temperature 13.50
Loss due to scale . 9 1
Loss in per cent 6.32
23
Test No. 14. 
April 27, 1906. 
Tube No. 5.
Time
P.M.
Degrees in Tsnrnerat/uro F.
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
— m5T5 1986 558 60.8 74.8
1:55 1989 556 61. 76.6
2 : 0 0 1997 558 61.3 77.
2:05 1979 559 61.5 77.9
2 : 1 0 1964 566 61.5 78.
2:15 1956 573 61.5 79.
2 : 2 0 1960 574 61.5 '79.8
2:25 1961 576 61.7 79.6
2:30 1965 574 61.7 80.
2:35 1975 574 61.7 80.
2:40 1958 571 61.7 79.5
2:45 1959 • 568 61.7 80.
2:50 1965 569 61.7 80.5
Average 1970.3 567.4 61.5 78.7
Water passed through boilor 810. lbs.
Mean temperature of gases 1268.9
Mean temperature of water in boiler 70.1
Difference 1198.8
Rise in temperature of water 17.2
B.T.U. given xjp to water 13930.
B.T.U. transmitted per degree range of temperature 11.62 
Loss due to scale 2.79 
Loss in per cent 19.37
24
Test No. 15. 
April 27, 1006. 
Tube No. 5.
Time
P.M.
----- Degree. T-nTomrern.-nt.nre .F.__
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
3:45 1990 539 "81. 77T5-----
3:50 2015 530 61. 78.
3:55 2020 534 61.5 79.
4:00 1990 550 61.3 79.5
4:05 1996 554 61.7 80.
4:10 1988 555 61.7 80.
4:15 1981 555 61.8 80.5
4:20 1988 555 62. 81.
4:25 1988 558 62. 81.5
4:30 1986 558 62. 81.
4:35 2003 557 62. 81.5
4:40 2020 556 62. 81.5
— 4:45--- ___2Q07________ 580_____ 62. 81.5
Average 1997.8 ' 550.8 62.5 80.2
Water passed through boiler 760 lbs.
Mean temperature of gases 1274.5
Mean temperature of water in boiler 71.4
Difference 1202.9
Rise in temperature of water 17.7
B.T.U. given up to water 13450.
B.T.U. transmitted per degree range of temperature 11.19 
Loss due to scale 3.22 
Loss in per cent 22.34
25
'
Test No. 16. 
April 27, 1906. 
Tube No. 5.
Time
P.M.
______ Dep-raos in Terrmcrn.tnre . F«
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
4:50 1996 560 62. 82.
4:55 2003 559 62. 83.
5:00 2 0 1 2 559 62. 83.5
5:05 2015 560 61.8 82.5:10 2016 559 61.5 79.
5:15 2019 561 61.5 78.
5:20 2015 564 61.5 78.
5:25 2 0 1 2 563 61. 78.
5:30 20 io 565 61. 78.
5:35 2017 560 61.5 79.55:40 2028 559 61.5 79.5
5:45 2030 562 61.5 80.5:50 2028 560 61.5 80.
Average 2015.5 560.8 61.6 80.
Water passed through boiler 888 lbs.
Mean temperature of gases 1288.2
Mean temperature of water in boiler 70.8
Difforence 1217.4
Rise in temperature of water 18.4
B.T.U. given up to water 16340.
B.T.U. transmitted per degree range of temperature 13.42 
Lo s due to scale .99 
Loos in per cent 6.87
Test No. 17 26
April 30, 1906.
Engine No. 6164. Tube No. 6.
Road- Big Pour. Mean thickness of scale- .090"
Division- Peoria & Indianapolis. Character of scale- Medium, Very 
Time in use- 17 1/2 mo. irregular,
muddy.
Constituents. Sx On Al„ O3 Ca S01 C St 0 0 r / Ca 0
Amount in io 7.36~
C j U 
2 . 6 8 23.80
-------
49.39
Constituents. Mg C0.? Mg 0 Moisture
Org. Mat. 
and Aik.
Amount in $ 2.45 9.50 .83 3.99
Time
P.M.
_______ Degrees in Temperature.F. _
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water1:20 1950 536 61.8 83.1:25 1960 529 61.5 83.1:30 1963 575 61.5 82.51:35 1964 585 61.5 83.1:40 1977 584 61.5 83.1:45 1990 575 61.5 83.1:50 2000 573 61.5 83.1:55 1996 582 61.5 83.2:00 1997 583 61.5 83.2:05 2003 580 61.5 81.82:10 1989 585 61.5 81.52:15 1981 585 61.3 81.52:20 ____1985 585 61. 81.2
Average 1981. 573.6 61.5 82.5
Water passed through boilor 850 lbs.
Mean temperaturo of gases 1277.3 
Mean temperature of water in boiler 72.
Difference 1205.3
Rise in temperature of water 21.0
B.T.U. given up to water in boiler 17850.
B.T.U. transmitted per degree range of temperature 14.80 
Loss due to scale - . 3 9  ^3^ ’
Loss in per cent -2.71
27
Test No. 10. 
April 30, 1906. 
Tube No. 6.
Time
P.M.
________ Degrees in Terrmerature.F.
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
2:25 1981 587 61.2 5T72----
2:30 1982 588 61.5 82.4
2:35 1988 585 61.2 81.5
2:40 2002 585 61.3 80.
2:45 1982 595 61.2 79.8
2:50 2004 585 61.2 79 .
2:55 2014 572 61.3 79 .3:00 2012 576 61.5 80.
3:05 1996 576 61.5 80.
3:10 1999 581 61.5 80.
3:15 1999 578 61.5 80.
3:20 1998 580 61.5 80.
3:25 2001 580 61.5 80.6
Average 1996.8 582.2 61.4 80.3
Water passed through boiler 917 lbs.
Mean temperature of gasesl289.5
Mean temperature of water in boiler 70.9
Difference 1218.6
Rise in temperature of water 18.9
3.T.U. givon up to water 17330.
B.T.U. transmitted per degree range of temperature 14.23 
Loss d\.ie to scale .10 
Loss in per cent 1.25
28
Test No. 19. 
April 30, 1906. 
'Tube No. 6.
Time
P.M.
Degroo in Temper ture.F.__________________
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
3:30 1985 587 61.2 81.3
3:35 1974 590 61.5 81.6
3:40 1975 587 61.5 81.9
3:45 1959 588 61.5 82.1
3:50 1953 588 61.8 83.
3:55 1956 594 61.9 83.5
4:00 1965 594 61.8 84.
4:05 1975 595 61.8 83.5
4:10 1966 509 61.8 83.5
4:15 1963 588 61.8 83.5
4:20 1978 585 61.8 83.
4:25 1982 592 61.8 84.
4:30 ___1972 590 61.7 84.
Average 1970 590 61.6 83.0
Water passed through boiler 736 lbs.
Mean temperature of gases 1280
Mean temperature of water in boiler 72.3
Difference 1207.7
Rise in temperature of water 21.4
B.T.U. given up to water 15750.
B.T.U. transmitted per degree range of temperature 13.04 
Loss duo to scale 1.37 
Loss in per cent 9.52
Test No. 20 29
May 1, 1906.
Engine No. 6164. Tube No. 7
Road- Big Four. Mean thickness of scale- .083"
Division- Peoria & Indianapolis. Character of scale- Muddy,very 
Time in use- 17 l/S mo. irregular,
medium.
CHEMICAL ANALYSIS.
Constituents.
JUL iuJlti X
Si 0q F°2 °3 A1 o 0 ry
MJ.U *
Ca SO, Ca C0„ Ca 0
Amount in f. 6.26
^ o 
2.62
4
30.86
cr~
44.24
Constituents. Mg COn Mg 0 Moisture
Org. Mat. 
and Aik.
Amount in %__
w iJ
.89 9.81 .79 4.53
Time
P.M.
Dpp-' in Tempe---------*' t j
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
12:35 1963 573 63.7 78.5
12:40 1964 569 63.8 78.5
12:45 1945 574 63.9 78.0
12:50 1960 578 63.9 80.
12:55 1968 580 64. 80.6
1:00 1966 582 64. 80.5
1:05 1971 582 64. 81.2
1:10 1985 581 64. 81.4
1:15 2000 577 64. 82.
1:20 1970 575 64. 81.5
1:25 1948 575 64. 82.
1:30 1960 575 63.8 82.
1:35 1972 576 63.R 82.
Average 1974.8 576.7 63.9 80.6
Water passed through boiler 841 lbs.
Mean temperature of gasesl275.8
Mean temperature of water in boiler 72.3
Difference 1203.5
Rise in temperature of water 16.7
B.T.U. given up to water in boiler 14045.
B.T.U. transmitted per degree range of temperature 11.67 
Loss due to scale 2.74 
Loss in per cent 19.02
30
Test No. SI. 
May 1, 1906. 
Tube No. 7.
Time
P.M.
______ _______ in TRTrmflrn.tnre.F.
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
1:40 1970 572 64.5 82.
1:45 1968 572 64.5 82.5
1:50 1956 575 64.5 82.
1:55 1947 575 64.8 82.
2:00 1952 573 64.9 83.
2:05 1953 574 65. 83.
2:10 1954 577 65. 83.
2:15 1982 575 65. 83.2
2:20 1976 582 65.2 84.
2:25 1967 582 65.4 84.2
2:30 1965 582 65.2 84.2
2:35 1967 580 65.2 85.
2:40 1968 576 65.4 84.5
Average 1963.6 576.7 65.0 83.3
Water passed through boiler 805 lbs.
Mean temperature of gasesl270.2
Mean temperature of water in boiler 74.2
Difference 1196.0
Rise in temperature of water 18.3
B.T.U. given up to water 14732.
B.T.U. transmitted per degree range of temperature 12.32 
Loss due to scale 2.09 
Loss in per cent 14.51
31
Tost No. H2. 
May 1, 1906. 
Tube No. 7.
Time
P.M.
_____ Pop-reca in Temnerature .F.
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
2:45 1978 574 65.1 ---S4T5----
2:50 1968 578 65.2 85.
2:55 1973 578 65.1 84.5
3:00 1972 579 64.8 84.5
3:05 1976 578 64.9 85.
3:10 1985 582 65. 85.
3:15 1992 582 65. 84.5
3:20 1995 583 65.2 85.
3:25 2004 580 65.5 85.2
3:30 2005 584 65.3 84.8
3:35 1985 585 65. 85.
3:40 1980 580 65. 84.5
__5:45___ ____1808 65. 95.
Average 1985.5 580.5 65.1 84.8
Water passed through boiler 800 lbs.
Moan temperature of gases 1083.
Mean temperature of water in boiler 75.
Difference 1208.
Rise in temperature of water 19.7 
B.T.U. given up to water 15760.
B.T.U. transmitted per degree range of temperature 13.03 
Loss due to scale 1.38 
Loss in per cent 9.58
=4
Test No.23 32
May 2, 1906.
Engine No. 6164. Tube No. 8.
Road- Big Four. Mean thickness of scale- .070"
Division- Peoria & Indianapolis. Character of scale- Medium, 
Time in use -17 l/2 mo. uneven,
muddy.
CHEMICAL ANALYS]:s .
Constituents. Si 0o Fe2 °3 Al_ 0- Ca SO, Ca C0rr Ca 0
...Amount in ^ 7.06 2.56
•St
21.95 51.91
Constituents. Mg C0„ Me: 0 Moisture
Org. Mat. 
and Aik*
Amount in $ 4.17 8.27 .58 3.50
Time
P.M.
Dftrrpftn in .F.
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
2:00 1969 570 64. 84.8
2:05 1975 570 64. 84.8
2:10 1965 575 63.8 85.
2:15 1965 580 63.8 85.
2:20 1976 582 63.8 85.2
2:25 1985 581 63.8 85.5
2:30 1977 584 63.9 86.3
2:35 1977 587 63.7 87.5
2:40 1992 585 63. 87.
2:45 2012 . 591 63. 86.
2:50 2006 589 63. 86.
2:55 1986 589 63. 85.9
3:00 1973 590 62.5____ ___ 85.8____
Average 1981.5 583.3 63.5 85.8
Water passed through boiler 702 lbs.
Mean temperature of gases 1282.4
Mean temperature of water in boiler 74.7
Difference 1207.7
Rise in temperature of water 22.3
B.T.U. given up to water in boiler 15655.
B.T.U. transmitted per degree range of temperature 12.97 
Loss due to scale 1.44 
Loss in per cent 9.99
33
Test No. 24. 
May 2, 1906.
Tube Ho• 0.
Time 
P • 1 .
rs in  Temperatf.nre.F .
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
3 05 1963 592 62.8 86.
3 10 1978 590 62.8 85.5
3 15 1988 590 62.8 86.
3 20 1996 590 62.9 86.5
3 25 1995 590 62.9 85.5
3 30 1999 588 63 . 86.
3 35 1987 591 63.2 87.
3 40 1989 591 63.1 86.5
3 45 1987 595 63. 86.
3 50 1988 598 63. 86.
rro 55 1985 596 63. 85.5
4 00 1997 596 63. 85.5
___4,.05__ 1985 588 62.8 85.5
Average 1987.5 592.0 62.8 86.0
Water passed through boilor 71B lbs.
Mean temperature of gases 1290.
Mean temperature of water in boiler 74.4 
Difference 1215.6 •
Rise in temperature of water 23.2 
B.T.U. given up to water 16660.
B.T.U. transmitted per degree range of temperature 13.69 
Loss due to scale .72 
Loss in per cent 5.00
34
Test No. 25. 
May 2, 1906. 
Tube No. 8.
Time
P.M.
« i n Tnmpnnn.1 _________________ ________
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
4:10 1971 590 62.8 85.5
4:15 1983 590 62.8 84.8
4:20 1984 589 62.5 85.
4:25 1965 589 68.2 85.
4:30 1967 585 62.2 84.5
4:35 1983 585 62.2 84.
4:40 1971 587 62.2 84.2
4:45 1963 587 62.4 84.
4:50 1972 585 62.4 83.5
4:55 1981 585 62.4 84.
5:00 1983 584 62.4 83.5
5:05 1982 588 62.2 83.
Ft; 1 Q 1980 Ft«4 62 . 83.
Average 1975.8 586.8 . 62.4 84.5
Water passed through boiler 795 lbs.
Mean temperature of gases 1281.3
Mean temperature of water in boiler 73.5
Difforenoe 1207.8
Rise in temperature of water 22.1
3.T.U. given up to water 17570
B.T.U. transmitted per degree range of temperature 14.53 
Loss due to scale -.12 
Loss in por cent -.83
Test No. 26 35
Engine No. 6164.
Road- Big E’our. 
Division- Urbana yards. 
Time in use- 17 1/2 mo.
3, 1906.
Tube No. 9
Mean thickness of scale- .062” 
Character if scale- Soft,uneven,
sandy.
CHEMICAL ANALYSIS.
Constituents. Si °2
Fe? 0, 
Alp 0^ Ca SO , Ca 00rr Ca 0
Amount in 1 2 . 5 2 3 . 5 8 1 0 . 5 4
0
4 6 . 3 9
Constituents. Mg C0„ Mg 0 Moisture
Org. Mat. 
and Aik.
Amount in i* . 5 2  ° 1 7 . 4 7 • O O 7 . 9 8
Time 
P ♦ M •
Degrees in Temporal:ur0 «F«
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
2:35 1940 556 63. 86.3
2:40 1943 565 63. 86.
2:45 1943 569 63. 85.5
2:50 1956 569 63. 86.
£:55 1976 569 63. 86.
3:00 1961 564 63.2 85.
3:05 1961 569 6o.2 85.5
3:10 1958 569 63.2 86.3
3:15 1958 569 63.2 86.
3:20 1973 569 63.3 86.4
3:25 1968 570 63.5 86.
3:30 1990 574 63.5 87.
3:35 1980 579 63.5 87.
Average__ 1962.2 567.8 63.3 86.1
Water passed through boiler 685 lbs.
Mean temperature of gases 1265.
Mean temperature of water in boiler 74.7
Difference 1190.3
Rise in temperature of water 22.8
•B.T.U. given up to water in boiler 15610.
B.T.U. transmitted per degree range of temperature 13.11 
Loss due to scale 1.31 
Loss in per cent 9 .10
36
Test No. 27. 
May 3, 1906. 
Test No. 9.
Time
P.M.
Dftgr ftp? in TfimpnrpLt/nrft . F ._________________
Furnace
Gases
Exhaust
Gase3
Entering
Water
Leaving
Water
3:40 1977 563 63.2 85.4
3:45 1976 565 63.2 85.5
3:50 1970 5 66 63. 86.
3:55 1993 570 63. 85.2
4:00 2000 568 63. 86.
4:05 1989 568 62.8 85.
4:10 1988 566 63. 84.
4:15 1980 563 63. 84.5
4:20 1974 566 63. 84.7
4:25 1990 562 63. 84.8
4:30 1989 564 63.2 84.7
4:35 2000 563 63.5 85.2
4:40 1Q8Q 569 6 3.5 84.7
Average 1985.8 565.1 63.1 85.1
Water passed through boiler 715 lbs.
Mean temperature of gases 1275.5
Mean temperature of water In boiler 74.1
Difference 1201.4
Rise in temperature of water 22.0
B.T.U. given up to water 15730.
B.T.U. transmitted per degree range of temperature 13.08 
Loss due to scale 1.33 
Loss in per cent 9.24
37
Test No. 28. 
May 3, 1906. 
Tube No. 9.
Time
P.M.
Dftgrftog_i n Tftmnftra.t.nrtt . F .
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
4:45 1988 560 63.4 84.
4:50 1978 562 63.4 84.5
4:55 1969 563 63.5 85.
5:00 1975 562 63.5 84.5
5:05 1985 557 63.5 84.6
5:10 1974 562 63.5 85.
5:15 1973 564 63.7 86.1
5:20 1979 562 63.7 86.1
5:25 1981 561 63.8 86.2
5:30 1977 564 63.8 86.5
5:35 1979 562 64. 86.4
5:40 1980 564. 64.2 86.2
5:45 1982 563 64. 86.2
Average 1978.5 562.0 63.7 85.5
Water passed through boiler 690 lbs.
Moan temperature of gasesl270.3
Mean temperature of water in boiler 74.6
Difference 1195.7
Rise in temperature of ater 21.8
I3.T.U. given up to water 15010.
B.T.U. transmitted per degree range of temperature 12.55 
Loss due to scale 1.86 
Loss in per cent 12.91
Test No. 29 38
May 4, 1906.
Engine No. 546. Tube No. 10.
Road- Big Four. Mean thickness of 3cale - .057w
Division- Urbana yards. Character of scale - Hard,even,gray.
Time in use- 8 mo.
Constituents.
vX l i.;.j i t l l  w hi
Fe0 03 
Alo 0*
.JU iU ia .U .L O i.
Co, SO/j
O •
Co, C0r» Ca 0 Si 0~
Amount in $ 1 . 9 2 4 0 . 6 6 ' 1 6 . 9 1 . 5 4 7 . 6 4
Constituents. MgCCK Mg 0 Moisture
Org. Mat. 
and Aik.
Amount in $ 2 2 . 0 7 . 6 1 9 . 6 5
Degraos in Temperature.F.
Time Furnace Exhaust Entering Leaving
A.M. Gases Ciases Wat er Yfater
10:20 1948 578 62.5 84.5
10:25 1970 582 62.5 85.
10:30 1985 582 62.5 84.8
10:35 1986 580 62.5 84.8
10:40 1985 595 62.5 85.
10:45 1999 592 62.5 84.0
10:50 1976 590 62. 5 84.7
10:55 1970 590 62.5 84.3
11:00 1978 592 62.5 84.2
11:05 1974 . 595 62.5 85.
11:10 1972 596 62.5 85.
11:15 1975 597 62.7 84.6
11:20 1989 602 62.7 84.
Average 1977.5 590.1 62 • 5 84.7
Water passed through boiler 685. lbs,
Mean temperature of gases 1283.8
Mean temperature of water in boiler 73.6
Difference 1210.2
Rise in temperature of water 22.2
tf.T.U. given up to water in boiler 15207.
B.T.U. transmitted per degree range of temperature 12.58 
Jjoss due to scale 1.83 
oss in per cent 12.70
39
Test No. 30. 
May 4, 1906. 
Tube No. 10.
Time
A .M .--
----------- in 'Panmorn tore.F.
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Y/ater
11:25 1966 593 62.7 83.5
11:30 1961 535 62.7 83.8
11:35 1965 582 62.7 83.6
11:40 1964 580 62.7 83.2
11:45 1964 582 62.7 83.6
11:50 1974 581 62.7 83.5
11:55 1956 534 62.7 84.2
12:00 1964 579 62.8 83.6
12:05 1970 582 62.8 83.4
12:10 1972 581 63. 83.8
12:15 1966 582 62.9 83.8
12:20 1964 586 62.9 84.i o • on _____ 137.B_____ 536 62.9 83.8
Average 1966.5 583.3 62.8 83.7
Water passed through boiler 695 lbs.
Mean tempo-ature of gases 1274.9
Mean temperature of water in boiler 73.3
Difference 1201.6
Rise in temperature of water 20.9
B.T.U. given up to water 14530.
B.T.U. transmitted per degree range of temperature 12.10 
Loss due to scale 2.31 
Loss in per cent 16.03
40
Test No. 31. 
May 4, 1906. 
Tube No. 10.
Time
P.M.
______ Pagrafifl_i r> Tfimnp)?,q■ t.urp . E.____
B’urnace 
Gases_____
Exhaus t 
Gases
Entering
Water
■ Leaving 
Water
12:30 1970 584 62.9 84.
12:35 1977 585 63. 84.
12:40 1972 588 63. 84.
12:45 1969 591 63. 83.8
12:50 1968 591 63. 84.
12:55 1974 590 63. 84.1
1:00 1985 584 63. 8', .
1:05 1995 583 63. 84.
1:10 1995 585 63. 84.
1:15 1974 593 63. 84.2
1:20 1971 593 63. 84.3
1:25 1971 591 63. 84.5
___1,: 50__ ____1970 590 63. 84.3
Average 1977.0 588.3 63. 84.1
Water passed through boiler 683 lbs.
Mean temperature of gases 1282.7
Mean temperature of water in boiler 73.6
Difference 1209.1
Rise in temperature of water 21.1
B.T.U. given up to water 14410.
B.T.U. transmitted per degree range of temperature 11.92 
Loss due to scale 2.49 
Loss in per cent 17.29
Test No. 32. 41
May 5, 1906.
Engine No. 546 Tube No. 11.
Road- Big Pour. Mean thickness of scale- .060"
Division- Urbana yards. Character of scale- Hard,even,gray
Time in use- 8 mo.
CHEI.il CAL ANALYGIG.
Constituents. Si 0„
Fe, 0 
Al“ OS Ga SOyi C a C 0 r Ca 0
Amount in 4 5.64
2
2.08 26.64 15.09 18.04
Constituents. Mg C0„ Mg 0 Moisture
Org. Mat.
and Aik -
Amount in $ b 3 22781 .30 9.40
Time
A.M.
A Pi in TfitymoTia fiiHo -T? -_________________
Furnace
Gases
Exhaust
Gases
Entering 
Water______
Leaving
Water
9 25 1990 550 61. 86.
9 30 1985 554 61. 87.3
9 35 1986 548 61. 87.4
9 40 1987 542 61. 86.
9 45 1994 535 61. 85.2
9 50 1994 541 61. 85.
9 55 1986 546 60.5 . 84.
10 00 1988 546 60.2 84.5
10 05 1976 540 60.2 84.8
10 10 1975 550 60,2 84.8
10 15 1984 551 60.2 85.3
10 20 1989 551 60.2 85.
.IQ..215___ ___1930 558 QQ -2 84-.fi
Average 1986.5 547.7 60.6 85.4
Water passed through boiler 690 lb3.
Mean temperature of gases 1267.1 
Mean temperature of water in boiler 73.
Difference 1194.1
Rise in temperature of water 24.8 
B.T.U. given up to water in boiler 17112.
B.T.U. transmitted per degree range of temperature 14.32 
Loss due to scale .09 
Loss in per cent .62
May 5, 1906 
Tube No. 11
Time
A.M.
________Dte/TirfifiR in  _____uFurnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
10:30 1988 551 60.3 84.
10:35 1960 554 60.3 84.5
10:40 1956 555 60.3 84.
10:45 1980 551 60.3 84 •
10:50 1975 554 60.3 84.
10:55 1977 552 60.3 83.7
11:00 1988 551 60.4 84.
11:05 1968 554 60.5 84.
11:10 1970 551 60.5 84.5
11:15 1983 552 , 60.5 85.
11:20 1955 551 60.7 85.2
11:25 1970 555 60.7 85.2
__1 1 i30__ ___1977 555 6 0 .7 85.2
Average 1972.8 552.7 60.4 84.4
Water passed through boiler 690 lbs.
Mean temperature of gases 1262.8
Mean temperature of water in boiler 72.4-
Difference 1190.4
Rise in temperature of water in boiler 24.0 
B.T.U. given up to water 16560.
B.T.U. transmitted per degree range of temperature 13.90 
Loss due to scale .51 
Loss in per cent 3.54
43
Test No* 33.to. 
May 5, 1906. 
Tube No. 11.
Time 
A.M.--
_______ Degrees in Temperature.F.
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
11:35 1975 555 BUT?----- ------BTTT5--------
11:40 1967 555 60.7 85.
11:45 1973 554 60.7 85.5
11*50 1970 555 60.5 86.
11:55 1988 560 60.5 85.5
12:00 1984 557 60.5 85.
12:05 1990 556 60.7 85.5
12:10 2000 559 60.7 85.
12:15 1990 558 60 .7 85.
12:20 1977 556 60.7 86.
12:25 1968 556 60.7 86.
12:30 1962 560 60.8 86.
____ 12:35__ _____ 1965 560 60.8 86.
Average 1977.6 557.0 60.7 85.5
Water passed through boiler 660 lbs.
Mean temperature of gases 1267.3
Mean terapeature of water in boiler 73.1
Difference 1194.2
Rise in temperature of water 24.8
B.T.U. given up to water 16370.
B.T.U. transmitted per degree range of temperature 13.68 
Loss due to scale .73 
Loss in per cent 5.07
Teat No. 34 44
May 7, 1906.
Engine No. 546. Tube No. 12.
Road- Big Four. Mean thickness of scale- .045”
Division- Urbana yards. Character of scale- Hard,even,gray.
Time in use- 8 mo.
CHEMICAL ANALYSIS.
Constituents.
F e o 0 g
a i ;; o^. Ca S0„ Ca 00rr Ca 0 Si 0o
A m o u n t  i n .  ..
d, O
2 . 3 8
*T
3 4 . 6 6
o
2 1 . 5 5 7.40
Constituents. Mg C 0 ^ Mg 0 Moisture
Org. Mat. 
and Aik.
Amount in $ . 9 6 2 3 . 2 5 00ID• 9 . 2 2
Time 
P. M .
Degrees in Tem-nerature.F._________________
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
12 30 1957 544 59.8 83.7
12 35 1971 547 59.8 83.6#
12 40 1980 548 59.9 84.2
12 45 2015 550 60. 84.
12 50 2020 558 60. 84.
12 55 2045 563 60. 84.5
1 00 2063 565 60. 84.8
1 05 2047 562 60. 85.2
1 10 2045 559 60. 85.81 15 2035 566 60. 86.4
1 20 2040 564 60. 86.81 25 2010 558 60.2 86.7
___L j m__ 2007 558 60.3 87.5
Average 2018.1 557.1 60.0 85.2
Water passed through boiler 641 lbs.
Mean temperature of gases 1207.6
Mean temperature of water in boiler 72.6
Difference 1215.0
Rise in temperature of water 25.2
B.T.U. given up to water 16140.
B.T.U. transmitted per degree range of temperature 13.29 
Loss due to scale 1.12 
Loss in per cent 7.70
45
Tent No. 35. 
May 7, 1906. 
Tube No. 12.
Time
P.M.
Degrees in Temnerature.F.
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
1:35 1965 546 60.8 88.
1:40 1984 551 60.8 88.4
1:45 1964 549 60.8 88.91:50 1976 565 60.8 89.8
1:55 1979 559 60.8 89.2:00 1984 559 60.9 89.1
2:05 1980 556 60.5 8 8 . 12:10 1975 555 60.7 88.1
2:15 1985 555 60.8 87.8
2 : 2 0 1957 558 60.8 87.7
2:25 1972 559 60.9 87.43:30 1985 565 61. 86.9
p  . rzCT___&/., « VW__ 1964 560 61. 86 .
Average 1967.0 552.8 60.8 88.1
Water passed through boiler 600 lbs.
Mean temperature of gases 1259.9
Mean temperature of water in boiler 74.5
Difference 1185.4
Rise in temperature of water 27.3
B.T.U. given up to water 16380.
B.T.U. transmitted per degree range of temperature 13.81 
Loss due to scale .60 
Loss in per cent 4.16
46
Teat No. 36. 
May 7, 1906. 
Tube No. 12.
Time 
___P.M.
______Qegjzeas_in Temper a t.n re .F.
Furnace 
__Gases____
Exhaust 
_Gase3_____
Entering
Water
Leaving
Water
2:40 1963 558 61. 85.6
2:45 1950 559 61. 85.8
2:50 1964 560 60.8 85.7
2:55 1958 560 60.8 85.
3:00 . 1977 564 60 .7 85.5
3:05 1972 564 60.8 85.3
3:10 1971 564 60.8 85.5
3:15 1974 564 .61.3 85.7
3:20 1989 565 61.4 85.9
3:25 1958 559 61.4 86.1
3:30 1978 563 61.4 86.2
3:35 1985 562 61.4 86.6
___5.1.40__ ____1980 559_____ 61.5 86.3
Average 1970.7 561.6 61.1 85.8
Y/ater passed through boiler 635 lbs.
Mean temperature of gasesl266.2
Mean temperature of water inboiler 73.5
Difference 1192.7
Rise in temperature of water 24.7
B.T.U. given up to water 16910
B.T.U. transmitted por degree range of temperature 14.16 
Loss due to scale .25 
Loss in per cent 17.36
47
Test No. 37. 
May 7, 1906. 
Tub© No. 12.
Time
P.M.
______ Degree.3 in Tempers-Lure.F.____
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water3:45 1976 558 61.4 86.3:50 1961 562 61.8 86.23:55 1974 562 61.8 86.24:00 1973 562 61.8 86.24:05 1975 561 61.9 86.34:10 1973 562 61.9 86.54:15 1967 564 61.9 85.84:20 1980 562 61.9 85.54:25 1984 561 61.9 85.54:30 1990 561 61.2 85.4:35 1972 556 61. 85.34:40 1981 556 61. 85.4:45 1970 555 61.1 85.
Average 1975.1 560.2 61.6 85.7
Water passed through boiler 700 lbs.
Mean temperature of gases 1267.7
Mean temperature of water in boiler 73.7
Difference 1194.
Rise in temperature of water 24.1 
B.T.U. given up to water 16870.
B.T.U. transmitted per degree range of temperature 14.11 
Loss due to scale .30 
Loss in per cent 2.08
Test No. 38 
May 8, 1906.
48
Engine No. 546. Tube No. 13
Road- Big Pour. Mean thickness of scale- .070”
Division- urbana yards. Character of scale- Hard, even,
Time in use- 8 mo. gray.
CHEMICAL ANALYSIS
Constituents. Si Op
Fe2 03 
Al„ 0* 0& Ca CO, Ca 0
Amount in % 5 . 3 2
2
1 . 9 4 4 1 . 1 4
-------0—
1 4 . 7 8
__Constituents __Mg GOrr Mg 0 Moist/urft
Org. Mat. 
and Aik.
Amount in %
° o 
3 . 2 7 2 3 . 6 8 . 6 1 9 . 2 6
Time
A.M.
_____ Degrees in Temperat ure.F•
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
11:05 1979 549 61.4 85.11:10 1981 554 61.4 85.2
11:15 1989 559 61.3 85.
11:20 1982 562 61. 84.8
11:25 1974 556 61. 84.8
11:30 1972 560 61.2 • 85.
11:35 1972 558 61.4 85.311:4 1972 561 61.4 85.7
11:45 1973 565 61.2 86.11:50 1971 570 61. 86.
11:55 1970 573 61. 86.212:00- 1980 575 61 86.312:05 1983 574 61 86.5
Average 1976.8 562.8 61.2 85.5
Water passed through boiler 637 lbs.
Mean temperature of gases 1869.8
Mean temperature of water in boiler 73.4
Difference 1196.4
Rise in temperature of water 24.3
B.T.U. given up to water 15480.
B.T.U. transmitted per degree range of te perature 12.92 
Loss due to scale 1.49 
Loss in per cent 10.34
4-9
Test No. 39. 
May 8, 1906. 
Tube No. 13.
Time
P.M.
_______Dogr»eRa in Tompo-pp..fair’s .F.__________
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
12 10 1980 575 60.8 85.5
12 15 1969 580 60.8 85.2
12 20 1968 573 60.7 85.
lkl 25 1968 571 60.7 84.8
12 30 1960 570 60.7 84.5
12 35 2002 575 60.8 84.5
12 40 1985 573 61. 86.5
12 45 1977 569 60 .6 86.4 •
12 50 1972 567 60.5 84.4
12 55 1950 569 60.5 83.2
1 00 1959 571 60.5 83.5
1 05 1966 571 60.4 83.
___h __ ____1979 572 60.4 83.3
Average 1979.6 572.0 60.6 84.6
Water passed through boiler 700.
Mean temperature of gases 1275.8
Mean temperature of water in boiler 72.6
Difference 1203.2
Riso in temperature of water 24.0
B.T.U. given up to water 16800.
B.T.U. transmitted per degree range of temperature 13.92 
Loss due to scale .49 
Loss in per cent 3.40
50
Test No. 40. 
May 8, 1906. 
Tube No. 13.
Time
P.M.
______Degrees in Temperature.F. _
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Y/ater
1:15 1980 572 6T7S----- 85.
1:20 1985 572 61.7' 85.1
1:25 1979 570 62. 86.
1:30 1979 570 62. 86.1
1:35 1983 570 62. 86.6
1:40 1983 571 62. 86.6
1:45 1980 570 62. 86.
1:50 1966 570 62. 86.5
1:55 1965 573 62. 86.8
2:00 1961 574 61.8 8S.9
2:05 1960 571 61.8 86.9
2:10 1960 570 61.8 06.62:15 1971 569 61.5 86.5
Average 1973.2 571.0 61.9 86.3
Water passed through boiler 53.8 lbs.
Mean temperature of gases 1872.1
Mean temperature of waxer in boiler 74.1
Difference 1198.0
Rise in temperature of water 25.4
B.T.U. given up to water 16200.
B.T.U. transmitted per degree range of temperature 13.51 
Loss due to scale .90 
Loss in per cent 6.25
51
Test No. 41. 
May 8, 1906. 
Tube No. 13.
Time
P.M.
Degree s in Temperature_____ ___
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water2:20 1971 569 61.5 86.5
2:25 1975 569 61.5 85.82:30 1980 569 61.5 86.
2:35 1978 564 61.8 85.82:40 1991 560 61.5 86.
2:45 1975 560 61.5 05.62:50 1974 563 6_.3 85.8
2:55 1970 564 61.3 88.3:00 1970 566 61.8 88.
3:05 1970 569 62. 89.3:10 1975 573 61.8 89.
3:15 1974 569 61.8 88.8
__ 3;20______ 1970 560 61.9 88.
Average 1974.1 565.8 61 *6 87.1
Water passed through boilor 030 lbs.
Mean temperature of gases 1270.0
Mean temperature of water in boiler 74.4
Difference 1195.6
Rise in temperature of water 25.5
B.T.U. given up to water 16070.
B.T.U. transmitted per degree range of temperature 13.42 
Loss due to scale .99 
Loss in per cent 6.87
Test No. 42 52.
May 9, 1906.
Engine No. 546. Tube No. 14.
Road- Big Four. Mean thickness of scale- .065”
Division- Urbana yards. Character of scale- Soft,porous,
Time in use- 8 mo. sandy.
CHEMICAL ANALYSIS.
Constituents. Si Oar
-t1 e o 0 a. 
Ain o: Ca S0>. Ca C0^ Gci 0
Amount in $ 8 . 2 6 4 . 3 2
------ -fcj.—
2 3 . 1 2
------ r*—
4 6 . 0 9
Constituents. .. M g  GO* Mg 0 Moisture
Org. Mat. 
and Aik.
Amount in c?
° o 
. 9 0 1 1 . 7 1 . 3 7 5 . 2 3
Time
A.M.
--------Degrees in Temperature.F .
Furnace
Gases
Exhaus t 
Gases
Entering
Water
Leaving
Water10:50 1950 584 60.8 88.
10:55 1980 582 60.8 83.511:00 1946 “84 60.8 83.811:05 1967 585 60.9 84.11:10 1965 580 61. 84.11:15 1975 578 61.2 84.11:20 1991 581 61.4 84.2
11:25 1988 578 61.4 84.11:30 1983 579 61. 83.811:35 1960 532 61. 84.11:40 1973 585 61 • 84.11:45 1982 586 60.8 84.11:50 1988 587 60.5 84.3
Average 1973. 582.4 61.0 83.9
Water passed through boiler 618 lbs.
Mean temperature of gases 1277.7
Mean temperature of waer in boiler 72.5
Difference 1205.2
Rise in temperature of water 22.9
B.T.U. given up to water 14600
B.T.U. transmitted per degree range of temperature 12.11 
Loss due to scale 2.30 
Loss in per cent 15.97
53
Test No. 43. 
May 9, 1906. 
Tube No. 14.
Time 
A.M. —
Decrees in Temno:nature.F.
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water11:55 1999 5Bb 6o. ”73473----12:00 1979 578 60. 84.212:05 1988 580 59 .5 83.512:10 1977 576 59 .5 83.512:15 1975 575 59.6 83.512:20 1970 578 59.6 83.512:25 1972 585 59.4 82.1
12:30 1980 586 59.4 82.712:35 1983 583 59.4 82.512:40 1982 579 59 .4 82.512:45 1982 580 59.4 82 • 312:50 1974 583 59.5 82.412:55 1979 583 59.5 83.
Average 1980.0 580.9 59.6 ____83.1____
Water passed through boiler 640 lbs.
Mean temperature of gases 1280.5
Mean temperature of water in boiler 71.4
Difference 1209.1
Rise in temperature of water 23.5
B.T.U. given up to water 15030.
B.T.U. transmitted per degree range of temperature 12.43 
Loss due to scale 1.98 
Loss in per cent 13.74
54
Test No. 44. 
May 9, 1906. 
Tube No. 14.
Time
P.M.
_ _____negT^ p*s_In Tempera■him -  F  - ________
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water1:00 1989 582 59.6 8^72-----
1:05 1989 582 59.8 84.
1:10 1988 580 60. 84.
1:15 1995 582 60. 85.1:20 1985 579 60. 84.51:25 1990 579 59.8 83.51:30 1993 577 60. 83.
1:35 1997 576 60. 82.8
1:40 1976 581 60. 82.81:45 1967 584 60. 82.31:50 1980 580 60. 82.
1:55 1980 580 60. 82.--2:00___ ___ 10-87_____ 580 no
Average 1985.8 580.
-----------------V.7 V31 • ------------------------------
59.8
- ( > w  •-------------------------------- -
83.2
Water passed through boiler 647 lbs.
Mean temperature of gases 1282.9
Mean temperature of water in boiler 71.4
Difference 1211.4
Rise in temperature of water 23.4
B.T.U. given up to water 15130.
B.T.U. transmitted per degree range of temperature 12.49 
Loss due to scale 1.92 
Loss in per cent 13.33
Test No. 45 55
May 10, 1906.
Engine No. 546.
Road- Big Four. 
Division- Urbana yards. 
Time in use- I mo.
CHEMICAL ANALYSIS.
Constituents. Si 0 o
F e o  Orr 
Alo ol Ca SQ^ Ca CO^ Ca 0
Amount in # 6 . 5 0
U
2 . 4 0 4 2 . 1 4
------------ c?—
2 3 . 4 8
Constituents. Mg CO3 Mg 0 Moisture
Org. Mat. 
and Aik.
Amount in 5? 1 . 63 1 6 . 4 6 . 5 8 6 . 8 1
Time
__A »M.___
-------- Decrees_in Termerat.nre.F .
Furnace
Cases
Exhaust
Gases
Entering
Water
Leaving
Water
8:45 1961 544 62 90
8:50 1962 543 62.3 90
8:55 1970 544 62.1 89
9:00 1978 542 62 89
9:05 1978 549 62 88
9:10 1980 544 62 87*5
9:15 1998 547 62 87
9:20 1984 550 62 879; 25 1989 550 62 87
9:30 1995 550 62 879:35 1983 548 62.2 86.8
9:40 1978 551 62. 5 87.4__9:45 ___ 1950 555 62. 5 87.5
Average 1978*8 562.7 62.1 88.0
Tube No. 15.
Mean thickness of scale - .087” 
Character of scale - Hard,rough,
sandy.
Water passed through boiler 660. lbs.
Mean temperature of gases 1320.0
Mean temperature of water in boiler 75.1
Difference 1245.7
Rise in temperature of water 25.9
B.T.U. given up to water 17094.
B.T.U. transmitted per degree range of temperature 13.72 
Loss due to scale .69 
Loss in per cent 4.79
56
Tost No. 46. 
May 10, 1906. 
Tube No. 15.
Time
A.M.
_______ Degree: in Tampered,u re . F .______
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water10:45 2005 556 6TT73---- W 7 2 ----10:50 1995 554 62.3 89.10:55 1995 554 62.3 87.911:00 1965 558 62.5 87.811:05 1960 560 62. 87.811:10 1958 560 62. 87.611:15 1953 561 62. 87.6
11:20 1953 557 62. 87.611:25 1975 565 62. 88.211:30 1974 564 62.3 88.411:35 1975 562 62.3 88.611:40 1972 565 62.5 89.111:45 ___ 1976 563 62.7 89.9
Average 1973.5 560.0 62.2 88.4
Water passed through boiler 618 lbs.
Mean temperature of gases 1266.8
Mean temperature of water in boiler 75.3
Difference 1181.5
Rise in temperature of water 26.2
B.T.U. given up to water 16192.
B.T.U. transmitted per degree range of temperature 13.69 
Loss due to scale .72 
Loss in per cent 5.00
57
Test No. 47. 
May 10, 1906. 
Tube No. 15.
Time 
A . M. —
_______Dag r.aes in  Tftrrm<ar*nt.irrft_F .
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water11:50 1974 565 62.6 90.11:55 1973 566 62.2 89 .712:00 1970 562 62.1 89.312:05 1980 561 62.1 89.812:10 1989 563 62.3 91.512:15 1975 564 62.4 90.712:20 1980 562 62.7 90.412:25 1987 556 62.4 89.412:30 1992 553 62.4 88.812:35 1984 546 62.4 88.12:40 1988 558 62.6 88.12:45 1976 555 63. 89.__12-^ 50__ _____ IQ (37_____ 55P az A n T
Average 1980.0
KJ lO---------
558.5
O KJ ----------
62.5
------tr-XT---------
89.7
Water passed through boiler 615 lbs.
Mean temperature of gases 1269.3
Mean temperature of ?/ater in boiler 76.1
Difference 1193.2
Rise in temperature of water 27.2
B.T.U. given up to water 16728.
B.T.U. transmitted per degree range of temperature 14.00 
Loss due to scale .41 
Loss in per cent 2.81
Test No. 4-8 58
May 10, 1906.
Engine No. 546. Tube No. 16.
Road- Big Pour. Mean thickness of scale- .057”
Division- Urbana yards. Character of scale -Medium,uneven,
Time in use- 8 mo. sandy.
CHEMICAL ANALYSIS.
Constituents. Si 0o
Pe0 O'?
Alo 03 C3* SO*^. C& C0g 0 £L 0
Amount in 7.28 9.10 35.41 12.80
Constituents. Me C0-, M r 0 Moisture
Org. Mat. 
and Aik.
Amount in $ .96 23.98 .42 10.05
Time
__ P.M.___
------ DegreiIS_i re . P *
Furnace 
Gases______
Exhaust
Gases
Entering
Water
Leaving
Water
2:25 1985 547 61.5 83.2
2:30 1961 551 61.5 83 .52:35 1998 560 61.5 84.52:40 1998 560 61.4 84 •
2:45 1996 557 61 *4 84.
2:50 1995 556 61.5 84.42:55 1989 555 62 . 86 .
3:00 1976 554 61.8 85.83:05 1984 550 61.8 85.93:10 1988 550 61.2 85.43:15 1994 558 61. 85.4
3:20 1991 560 61.3 85.
5 • P.5 ___1989_____ 56 5 61 . 85.
Average 1988. 555.6 61.5 84.8
Water passed through boiler 642 lbs.
Mean temperature of gases 1276.8
Mean temperature of water in boiler 73.2
Difference 1198.6
Rise in temperature of water 23.3
B.T.U.given up to water 14950.
B.T.U.transmitted per degree range of temperature 12.46 
Loss due to scale I .9 5  
Loss in per cent 13.53
59
Test No. 49. 
May 10, 1906. 
Tube No. 16.
Time
P.M.
_______Degre.es in Termers t.ure.F.
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water3:30 1980 565 S0T5--- E5~.----3:35 1970 565 60.2 84.53:40 1980 562 60.2 84.8
3:45 1985 561 60. 84.83:50 1985 562 60. 84.83:55 1971 562 59.8 84.4
4:00 1974 566 60. 84.4:05 1986 570 60.2 84.4:10 1990 568 60 .4 83.84:15 1987 567 60.4 84.
4:20 1980 562 60.4 84.4:25 1975 563 60.8 84.5__4:50 ____ 1985 ___ 565 61. 84.8
Average 1980.6 564.5 60.3 84.4
Water passed through boiler 677 lbs.
Mean temperature of gases 1272.6
Mean temperature of water in boiler 72.4
Difference 1200.2
Rise in temperature of water 24.1
B.T.U. given up to water 16300.
B.T.U. transmitted per degree range of temperature 13.59 
Loss due to scale .82 
Loss in per cent 5.69
60
Test No. 50. 
May 10, 1906. 
Tube No. 16.
________ Deg.pees in Tempe.nature. F.
Time Furnace Exhaust Entering LeavingP.M. Gases Gases Water Water
4:35 1986 569 61. 85.4:40 1975 565 61.3 85.
4:45 1972 568 61.5 85.4:50 1968 566 61.5 85.4
4:55 1985 562 61.5 85.35:00 1981 564 61.8 85.6
5:05 1975 563 61.9 86.45:10 1980 574 62. 86.35:15 1990 569 61.8 86.75 :20 1988 563 61.8 86.7
5:25 1988 565 61.9 86.75:50 1988 569 61.9 87.25; Z5 ___1980 567 62. 87 .
Average 1981.2 566.5 61.7 8 6 .0
Water passed through boiler 648 lbs.
Mean temperature of gases 1273.9 1
Mean temperature of water in boiler 73.9 
Difference 1200.0 
Rise in temperature of water 24.3 
B.T.U. given up to water 15750.
B.T.U. transmitted per degree range of temperature 13.12 
Loss due to scale 1.29 
Loss in per cent 8.96
Test No. 51 61
May 11, 1906.
Engine No. 546. Tube No. 17.
Road- Big Four. Mean thickness of scale -.104"
Division- Urbana yards. Character of scale - Medium, uneven,
i'ime in use— 8 mo • sandy.
CHEMICAL ANALYSIS.
Constituents. Si 0o Pe2 °3 - Alo Or, Ca S0a 0a 0 0^ Ca 0
Amount in $ 7.60
Ti 3
3 . 8 8 26.01
-------—
4 5 . 4 6
__Constituents &oou Mg 0 Moisture
Org. Mat. 
and Aik.
Amount in <fo 1.69 10.19 .32 4 . 8 5
Time 
A. M .
_______Degrees in Temnerature.F.
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water9:50 1982 562 60.5 00 .9:55 1975 563 60.5 81.
1 0 : 0 0 1980 564 60.3 82.10:05 1981 556 60.2 81.
1 0 : 1 0 1990 555 60. 80.510:15 1978 564 60.1 80.4
1 0 : 2 0 1985 570 60.2 81.10:25 1998 575 60.1 80.510:30 1985 574 60.1 80.410:35 1981 572 60.2 80.210:40 2 0 10 569 60.2 80.510:45 2000 580 60.2 80.10:50 1980 585 60. 80.2
Average 1987.2 568.4 60.2 80.6
Water passed through boiler 630 lbs.
Mean temperature of gases 1277.8
Mean temperature of water in boiler 70.4
Difference 1207.4
Rise in temperature of water 20.4
B.T.U. given up to water 12880.
B.T.U. transmitted per degree range of temperature 10.67 
Loss due to scale 3.74 
Loss in per cent 25.95
62
Test No* 52. 
May 11, 1906. 
Tube No. 17.
Time
A.M.
Rn i ri Tfimpfir*?itiirft -F ._________________
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
10:55 1976 590 60. 79.8
1 1 : 0 0 1974 594 60. 79.8
11:05 1965 591 60. 80.
1 1 : 1 0 1962 585 60. 79.8
11:15 1977 585 60. 79.8
1 1 : 2 0 1985 585 60. 80.
11:25 1980 590 60 . 80.
11:30 1985 594 60. 80.7
11:35 1981 590 60. 80.2
11:40 1977 586 60. 80.6
11:45 1993 585 60. 80.5
11:50 1990 580 60. 80.8
11 • 55 1 Q7f' S7Q 81. -______
Average 1978.3 587.2
.
60. 80.2
Water passed through boiler 650 lbs.
Mean temperature of gases 1282.8
Mean temperature of water in boiler 70.1
Difference 1212.7
Rise in temperature of water 20.2
I3.T.U. given up to water 13130.
B.T.U. transmitted per degree range of temperature 10.82 
Loss due to scale 3.59 
Loss in per cent 24.93
63
Test No. 53. 
May 11, 1906. 
Tube No. 17.
Time
P.M.
______ Degreipn in Tfirnpprnture.F.
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
1 2 : 0 0 1987 583 60. 81.2
12:05 1993 582 60. 81.2
1 2 : 1 0 1985 581 60. 81.3
12:15 1963 585 60.1 81.3
1 2 : 2 0 1962 590 60.1 8 1 . 2
12:25 1965 595 60.1 81.2
12:30 1965 589 60.1 81.3
12:35 1976 590 60.1 81.3
12:40 1993 591 60. 81.3
12:45 1988 596 60. 81.7
12:50 1997 592 60. 81.8
12:55 1994 591 60.1 82.2
1 : 0 0 1988 593 , 60.2 82.1
Average 1981.2 589.1 60.1 81.5
Water passed through boiler 624 lbs.
Mean temperature of gases 1285.2
Mean temperature of water in boiler 70.8
Difference 1214.4
Rise in temperature of water 21.4
B.T.U. given up to water 13360.
B.T.U. transmitted per de roe range of temperature 10.99 
Loss due to scale 3.42 
Loss in per cent 23.30
\
Test No. 54 64-
May 12, 1906.
Engine No. 546. Tube No. 18
Road- Big Four. Mean thickness of scale- .085"
Division- Urbana yards. Character of scale- Medium, uneven
Time in use- 8 mo. sandy.
CHEMICAL ANALYSIS.
Const'tuents. Si On P e2 °3Alo 0* Ca S01 C& COtt Ca 0
Amount in ia 9.76 3.20 28.57 34.68 .30
Constituents. Mr CO* Mr 0 Moisture
Org. Mat. 
and Aik.
Amount in %
O
15.76 .65 7.08
Time
A.M.
_______ Degrees in Temperature.F._..... _
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
8:35 1978 560 61. 83.5
8:40 1969 578 61. 83.2
8:45 1972 575 61. 83.6
8:50 2004 574 61.5 84.
8:55 2003 580 61.5 84.2
9:00 2004 575 61.5 84.5
9:05 1973 581 61.8 84.5
9:10 1958 580 62. 84.2
9:15 1965 580 62. 84.2
9:20 1970 584 62. 84.5
9:25 1978 585 62.3 84.8
9:30 1985 585 62.8 84.9
9:35 1975 582 63. 84.9
Average 1979 .5 578 .4 61.8 84 .2
Water passed through boiler 618 lbs.
Mean temperature of gases 1279.
Mean temperature of water in boiler 73.
Difference 1206.
Rise in temperature of water 22.4 
B.T.U. given up to water 13843.
B.T.U. transmitted per degree range of temperature 11.48 
Loss due to scale 2.93 
Loss in per cent 20.34
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Test No* 55. 
May 12, 1906* 
Tub© No. 18.
Time
A.H.
nee in Temperature.F.
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
9:40 1973 503 63. 85.
9:45 1963 585 63. 85.
9:50 1967 585 63. 85.
9:55 1970 588 63.2 85.
1 0 : 0 0 1982 590 63.5 85.7
10:05 1982 584 63.5 85.4
1 0 : 1 0 1977 583 63.2 85.4
10:15 1976 583 63. 84.2
1 0 : 2 0 1983 583 63.1 84.5
10:25 1987 590 63.2 84.7
10:30 1983 589 63.5 85.4
10:35 1980 586 63.8 8 6 . 1
10:40 1978 588 64. 87.1
Average 1977.2 586 .0 63 • 3 85.3
Water passed through boiler 658
Mean temperature of gases 1281.6
Mean temperature of water in boiler 74.3
Difference 1207.3
Rise in temperature of water 22.0
B.T.U. given up to water 14036.
B.T.U. transmitted per degree rang© of temperature 11.62 
Loss due to scale 2.79 
Loss in per cent 19.37
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Test No. 56. 
May 12, 1906. 
Tube No. 18.
Time
A.M.
PApr*pnnn____TATrmftr»«.fynr>ft «F ._______________
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
--10:45------1976----- 588 64.1 87.2
10:50 1993 582 64.5 87.6
10:55 1998 585 64.7 87.5
1 1 : 0 0 1990 590 64.8 87.5
11:05 1998 589 64.7 87.1
1 1 : 1 0 1997 585 64.7 87.4
11:15 1988 593 63.8 87.
1 1 : 2 0 1970 600 63. 87.
11:25 1985 592 62.8 86.4
11:30 1990 592 62.5 86.4
11:35 1988 587 62.5 86.4
11:40 1987 586 63. 8 6.
11:45 1982 587 62.8 85.1
Average 1988.0 589.0 63.7 8 6 . 8
Water passed through boiler 630 lbs.
Mean temperature of gases 1888.5
Mean temperature of water in boiler 75.3
Difference 1213.2
Rise in temperature of water 23.1
B.T.U. given up to water 14553.
B.T.U. transmitted per degree range of temperature 11.99 
Loss due to scale 2.42 
Loss in per cent 16.80
Test No. 57 6 7
May 14, 1906.
Engine No. 546.
Road- Big Pour.
Division-Urbana yards.
Time in use- 8 mo.
Constituents.
UIIUj-T I± Url
SI On,
.J_l f ill f-iiJ -L O JL
Foo 0^
Alo 0 Ca SOyi Ca CO-* Ca 0
Amount in $
o
9 . 3 8 2 . 3 0 3 2 . 6 0 2 8 . 4 4
Constituents. Mg CO3 __Mg 0__ Moisture
Org. Mat. 
and Aik.
A m o u n t  i n  % 2 . 5 5 O • 
(
O O . 9 4 6 . 8 9
Time
A.M.
Degrees in Temperstturo.F._________________
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
10 00 1955 561 66.5 96.5
10 05 1970 561 6 6. 4 96.2
10 10 1977 568 6 6. 95.5
10 15 1983 569 6 6. 95.
10 20 1960 570 65.7 94.7
10 25 1965 569 65.5 94.
10 30 1963 565 65.5 93.2
10 35 1967 566 65.6 92.5
10 40 1965 569 65.7 91.5
10 45 1998 565 65.7 90.5
1 0 50 1997 565 65.8 91.
10 55 1995 565 66 . 90.8
1 1 .on 1994 567 6 6 . 90.7
Average__ __1976.1____ 567.2 65 0 93.2
Tube No. 19.
Mean thickness of scale -.000” 
Character of scale - Hard,gray.
Water passed through boiler 602 lbs.
Mean temperature of gases 1271.7
Mean temperature of water in boiler 79.6
Difference 1192.1
Rise in temperature of water 27.3
B.T.U.transmitted per degree range of temperature 13.72 
B.T.U. given up to water 16380.
Loss due to scale .69 
Loss in per cent 4.79
68
Test No. 58. 
May 14, 1906. 
Tube No. 19.
Time
A.M.
i n_fArrmfirn t.nro . F ._______
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
11:05 1990 565 6 6. 91.
1 1 : 1 0 1990 565 6 6. 90.8
11:15 1988 568 6 6. 91.
1 1 : 2 0 1989 568 6 6 . 2 91.2
11:25 1980 565 6 6. 90.6
11:30 1988 565 65. 90.6
11:35 1988 565 64. 91.
11:40 1986 568 63.8 90.5
11:45 1983 568 63.8 90.5
Hi 50 19 nr 567 63.5 89.8
11:55 1981 573 63.2 90.5
1 2 : 0 0 1976 575 63. 91.4
1 QftQ 571 63. 91.8____
Average 1985.3 568.0 64.6 90.8
Y/ater passed through boiler 598 lbs.
Mean temperature of gasesl276.7
Mean temperature of water in boiler 77.7
Difference 1199.0
Rise in temperature of water 26.2
B.T.U. given up to water 15700.
B.T.U. transmitted per degree range of temperature 13.09 
Loss due to scale 1.32 
Loss in per cent 9.17
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Test No. 59. 
May 14, 1906. 
Tube No. 19.
Time
P.M.
3 in Tarrmerat'Ur@ rP*
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
1 2 10 1996 572 63. 91.6
1 2 15 2000 570. 63. 91.1
1 2 20 1988 5 66 63. 90.5
1 ,, 25 ' 1970 567 63. 90.3
1 2 30 1975 570 63. 90.1
1 2 35 1985 571 63. 90.1
1 2 40 1993 570 63. 90.2
1 2 45 1992 569 63. 90.
1 2 50 1992 575 63. 89.8
1 2 55 1980 575 63. 89.
1 00 1978 574 63. 88.5
1 05 1978 575 62.8 8 8 .6
1 in 1 085 57 5 62.8 88.9
Average 1985.5 571.3 63. 89.8
Water passed through boiler 617 lbs.
Mean temperature of gases 1278.4
Mean temperature of water in boiler 76.4
Difference 1202.0
Rise in temperature of water 26.8
B.T.U. given up to water 16520.
B.T.U. transmitted per degre range of temperature 13.73 
Loss due to scale .68 
Loss in per cent 4.72
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Test No. 60. 
May 14, 1906. 
Tube No. 19.
Time
P.M.
_______Dop-ranr? in Tamper**:Lture. F.
Furna.ce
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
1 25 1985 572 64.5 8 8 .6
1 30 1988 572 65. 88.5
1 35 1982 577 65. 89.5
1 40 1972 574 65. 89 .6
1 45 1978 574 65. 89 .4
1 50 1976 578 65. 89.5
1 55 1976 578 64.8 89.7
2 00 1969 579 64.7 89.5
2 05 1973 578 64.7 89.5
2 10 1982 576 64.8 89.9
2 15 1984 574 65.1 90.
2 20 1970 578 65.1 90.3o PR 1 070 574 65.______ ___ --------
Average 1977.3 575.7 62.6 89.5
Water passed through boiler* 623 lbs.
Mean temperature of gases 1276.5
Mean temperature of' water in boilor 76.1
Difference 1200.4
Rise in temperature of water 26.9
B.T.U. given up to water 16740.
B.T.U. transmitted per degree range of temperature 13.93 
Loss due to scale .40 
Loss in per cent 3.33
Test No. 61 7 1
May 15, 1906.
Engine No. 593.
Road- I.C.
Division- Chi.& Champ. 
Time in use- 7 mo.
Tube No. 20•
Mean thickness of scale-.047" 
Character of scale-Hard,even,gray.
Constituents. Si 0p>
Fe2 O3 
A 1  p 0  3 Ca SO4 Ca CO?; C a  0
Amount in fo 1 5 . 7 4 4 . 1 6 3 6 . 1 3 1 2 . 6 8
Constituent. Mm CO-7 M g 0 Moisture
Org.Mat.
) and Allc.
Amount in %__
---
2 . 0 4 2 1 . 3 0 .3 5 7 . 6 6
Time
A.M.
og in Termer atu re.F._________________
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
8:40 1963 574 6 6. 92.5
8:45 1972 579 6 6 . 2 93.2
8:50 1985 576 . 6 6 . 2 9 3.. 5
8:55 1992 578 6 6 -2 93.3
9:00 1976 570 6 6 . 2 93.
9:05 1976 569 66 • 92.5
9:10 1982 580 65.8 92.
9:15 1970 581 65.8 92. $
9:20 1973 576 6S. 93.
9:25 1983 583 6 6. 93.2
9:30 1990 577 6 6. 93.2
9:35 1990 576 6 6 . 1 92.8
9 :40 1978 575 6 6. 95._____
Average 1980 576.5 6 6 .0 93.0
Water passed through boiler 610 lbs.
Mean temperature of gases 1278.3
Mean temperature of water in boiler 79.5
Difference 1198.8
Rise in temperature of water 27.0
B.T.U. given up to water 15870.
B.T.U. transmitted per degree range of temperature 13.23 
Loss due to scale . 5 4  
Loss in per cent 3.92
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Test No. 62. 
May 15, 1906. 
Tub© No. 20.
Time
A.M.
______ Dpcrrsfig_in Tpnrmorat.ure.F._______________
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
9:45 1973 575 65-2 92.
9:50 1982 580 64.8 92.
9:55 1985 579 64.8 91.
1 0 : 0 0 1987 578 64.7 91.1
10:05 1977 585 64.2 91.1
1 0 : 1 0 1962 588 64 • 91.
10:15 1965 592 64. 91.1
1 0 : 2 0 1980 591 64. 91.1
10:25 1972 590 63.9 91.
10:30 1975 588 64. 91.
10:35 1975 585 64. 91.
10:40 1971 586 64. 91.
10:45 1967 570 64.2 22 ._____
Average 1974.7 583.6 64.3 91.2
Water passed through boiler 632 lbs.
Mean temperature of gases 1279.2
Mean temperature of water in boiler 77.8
Difference 1201.4
Rise in tempeature of water 26.9
B.T.U. given up to water 16990.
B.T.U. transmitted per degree range of temperature 14.12 
Loss due to scale .35 
Loss in per cent 2.54
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Test No. 63. 
May 15, 1906. 
Tube No. 20.
Time
A.M.
______ _______ ijn_Tatth t/nr»P> ^ F >______________
Furnace' 
Gases
Exhaust 
Gases
Entering
Water
Leaving
Water
10:50 1982 569 64.3 91.2
10:55 1994 575 64.5 92.
1 1 : 0 0 1987 594 64.6 92.2
11:05 1990 585 64.6 93.
1 1 : 1 0 1990 585 64.4 93.
11:15 1991 583 64.4 93.2
1 1 : 2 0 1978 588 64.6 93.
11:25 1970 588 64.6 93.
11:30 1973 585 64.8 93.1
11:35 1973 590 64.8 93.8
.11:40 1990 588 64.8 93.8
11:45 1988 585 65. 94.
1 1 r RO 1 Q8R 591 64.5 OR .
Average 1983.8 585.1 64.6 93.0
Water passed through boiler 615 lbs.
Mean temperature of gases 1284.5
Mean temperature of water in boiler 78.8
Difference 1205.7
Rise in temperature of water 28.4 
B.T.U. given up to water 17460.
B.T.U. transmitted per degree range of temperature 14.46 
Loss due to scale -.69 
Loss in per cant -5.00
Test No. 64 74
May 15, 1906.
Engine No. 593. Tube No. 21.
Road- 1.0. Mean thickness of scale- .040”
Division- Chi.& Champ. Character of scale- Hard,even,gray.
Time in use- 7 mp•
CHEMICAL ANALYSIS.
Constituents.
I T I u l V l  _ L  h -
S i  0o
’ i A l J  I h J L ' l  1 1 J  J  _  k ..
A ig /  o ; l _
) JL KJ •
C a  SO, C a  COrr C a  0
Amount in in
----------------------------------------rr,-------------------
1 5 . 7 4 4 . 1 0 3 6 . 1 3
o
1 2 . 6 8
C o n s t i t u e n t s  
A m o u n t  i n  %
M g  C 0 3 
2 . 0 4
M g  0  
2 1 . 3 0
M o i s t u r e
. 3 5
O r g .  M a t  
a.nd A i k .
7 . 6 6
Time
P.M.
rr in Tfimpnr?-Lture .F._________________-------oFurnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
2:50 1994 585 64. 84.7
2:55 1961 . 585 63.5 85.
3:00 1960 588 64. 8 6 .
3:05 1958 587 64. 87.
3:10 1965 588 64. 87 .
3:15 1970 588 63.5 87.
3:20 1974 590 63.5 87.
3:25 1978 590 63.5 8 6 . 2
3:30 1985 592 63.5 86.5
3:35 1978 587 63.5 86 . 2
3:40 1978 590 ' 63.5 86 .8
3:45 1978 590 63.5 8 8 . 2
3: 50 1985 590 64. ____ ___ OIL._____
Average 1997 .2 588 .5 63 .7 87.7
Water passed through boiler 657 lbs.
Mean temperature of gases 1281.4
Mean temperature of water in boiler 75.7
Difference 1205.7
Rise in temperature of water 24.0
B.T.U. given up to water 15760.
B.T.U. transmitted per degree range of temperature 13.06 
Loss due to scale .71 
Loss in per cent 5.15
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Test No. 65. 
May 15, 1906. 
Tube No. 21.
Time
P.M.
_PiD r r n n n a_n n_^ Q r r m m a n  _E________________
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
3 55 1987 589 64. 87.5
4 00 1982 590 64. 87.2
4 05 1978 592 64. 8 8.
4 10 1987 593 64.3 8 8.
4 15 1987 589 64.5 89.
4 20 1990 587 64.8 89.
4 25 1998 585 64.8 89.
4 30 1980 595 64 • 9 90.
4 35 1971 594 64.8 90.4
4 40 1975 591 64.6 91.
4 45 1984 592 64.5 90.
4 50 1982 590 64.5 90.2
__4. 1 Q QQ 59 2 P.A--9 an . 5
Average 1983.2 590.7 64.5 89.2
Water passed through boiler 640 lbs.
Mean temperature of gases 1287.0
Mean temperature of water in boiler 76.9
Difference 1210.1
Rise in temperature of water 24.7
B.T.U. given up to water 15810.
B.T.U. transmitted per degree range of temperature 13.06 
Loss due to 3cale .71 
Loss in per cent 5.15
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Test No. 6 6. 
May 15, 1906. 
Tube No. 21.
Time
P.M.
_In_TAmr>nr»p.f/n-rp> - F «_____
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
57DW 1970 593 64.1 90.5:05 1977 594 64.1 90.55:10 1982 593 64.1 90.5:15 1988 590 64.2 90.5:20 1980 590 64.2 90.55:25 1972 590 64.5 90.75:30 1963 590 64.5 91.5:35 1970 591 64.5 90.85:40 1982 590 64.6 91.55:45 1973 591 64.6 91.55:50 1973 590 64.5 91.25:55 1977 594 64.4 90.5
6 :0 0 1970 59 Q_____ ____04._____ ___89 .5____
Average 1975.8 591.2 64.3 90.6
Water passed through boiler 616 lbs.
Mean temperature of gases 1203.5
Mean temperature of water in boiler 77.5
Difference 1206.0
Rise in temperature of water 26.3 
B.T.U. given up to water 16201.
B.T.U. transmitted per degree range of temperature 13.43 
Loss due to scale .34 
Loss in per cent 2.47
Test No. 67 77
May 16, 1906.
Engine Iio. 571.
Hoad.— X • 0 .
Division-Chi.& Champ.
Time in use-13 mo-
Tube No. 2 2 .
Mean thicknessof scale- .032" 
Character of scale- Hard,irregular
gray.
CHEMICAL ANALYSIS.
Constituents. Si 0o P e2 °* A!s og 0a S04 Ca CO,* Ca 0
Amount in 1 4 . 9 4 3 . 6 8 4 3 - 7 0
O
1 1 . 2 6
Constituents. Ms CO* Mg 0 Moisture
Org. Mat. 
and Aik.
A m o u n t i n  % 3 . 1 7 1 6 . 7 2 . 7 7 5 . 7 6
Time
A.M.
in TATTi-nf>r>p.-tvnr»Q »F ________________
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
1 0 : 0 0 1975 575 66- 92.
10:05 1982 580 65 .5 90. 5
1 0 : 1 0 1994 586 65. 90.
10:15 1967 576 64. 5 87.5
1 0 : 2 0 1975 575 64. 8 88.
10:25 1985 589 65. 89. 5
10:30 1994 592 65. 3 91.
10:35 1990 575 65* 5 91. 2
10:40 1995 575 66* 92.
10:45 1980 597 66* 2 93.
1 0 :50 1960 595 65- 6 92. 5
10:55 1970 594 65* 3 9*2. 2
1 1 : 0 0 1970 591 65. 2________ ai.______
Average 1979.8. .. ...584.6 65.3 90.8
Water passed through boiler 617 lbs.
Mean temperatureof gases 1282.2
Mean temperature of water in boiler 78.1
Difference 1204.1
Rise in temperature of water 25»5 
B.T.U. given up to water 15735.
B.T.U. transmitted per degree range of temperature 13*06 
Loss due to scale .71 
Loss in per cent 5.15
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Tost No. 6 8. 
May 16 f 1906• 
Tube No. 2 2 .
Time
A.M.
Decrees in Temperature.F._________________
Furnace
Gases
Exhaus t 
Gases
Entering
Water
Leaving
Water
11:05 1968 584 65.2 90.
1 1 : 1 0 1980 584 65.3 89.5
11:15 1980 587 65.3 90.
1 1 : 2 0 1985 587 65.3 89 .8
11:25 1980 588 65.3 89.8
11:30 1973 588 65.3 89 .5
11:35 1975 590 65.3 89.5
11:40 1982 592 65.8 89.5
11:45 1984 590 6 6. 90.
11:50 1990 590 6 6 . 89 .8
11:55 1988 590 6 6 . 2 89.2
1 2 : 0 0 1985 590 6 6 . 91.
12:05 1992 590 66.3 92.
Average 1981.7 588.5 65.6 90.0
Water passed through boiler 642 lbs.
Mean temperature of gases 1285.1
Mean temperature of water in boiler 77.8
Difference 1207.8
Rise in temperature of water 24.4 
B.T.U. given up to water 15660.
B.T.U. transmitted per degree range of temperature 12.96 
Loss due to scale .81 
Loss in per cent 5.88
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Test No. 69. 
May 16, 1906. 
Tube No. 22.
Time
P.M.
Degreles in Temperature.F._________________
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
1 2 : 1 0 1990 585 66.5 91.5
12:15 1982 585 6 6 . 8 91.2
1 2 : 2 0 1990 593 66 -8 92.
12:25 1980 593 6 6 . 8 92.4
12:30 1990 585 65.8 92.
12:35 1991 586 65.2 91.
12:40 19654 591 65.1 91.
12:45 1984 588 65.1 90 .6
12:50 1989 591 65.2 90.5
12:55 1995 5657 65.5 90 .4
1 : 0 0 1988 590 6 6 . 90.5
1:05 1995 588 6 6. 91.
1 • i n 1 QfiD 584 86 - Q 1 .
Average 1987.5 588.9 65.9 91.2
Tfater passed through boiler 617 lbs.
Mean temperature of gases 1288.2
Mean temperature of water in boiler 78.6
Difference 1209.6
Rise in temperature of water 25.3 
B.T.U. given up to water 15610.
B.T.U. transmitted per degree range of temperature 12.92 
Loss due to scale .85 
Loss in per cent 6.17
Test No. 70 80
May 17, 1906.
Engine No* 545. Tube No. 23.
Road- I.C. Mean thickness of scale- .053"
Division-Chi.& Champ. Character of scale- Hard,even,gray.
Time in use-12 mo.
CHEMICAL ANALYSIS.
Constituents. Si On
Fe0 0  ^
a i % o'; Ca S0/i Ca C0^ Ca 0
Amount in $
------TZ-
2 1 . 8 8
o
6 .8 8 2 6 . 4 5 16.56
Constituents. Mg CO^ --- 1 Mg 0 Moisture
0rg. Mat.
and Aik.
A m o u n t in % .94 19.59 .69 7.01
Time
A.M.
Degrees in Temperature.F.
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
8:45 1958 565 67. 8 6. 8
8:50 1985 570 67. 87.
8:55 1992 574 67. 89.
9:00 2007 579 67. 89.9
9:05 1963 570 67.2 89.8
9:10 1960 573 67.2 90.
9:15 1987 553 67.3 91.
9:20 1990 555 67.3 91.2
9:25 1985 563 67.5 91.8
9:30 1983 570 67.7 91.5
9:35 1990 573 67.7 91.5
9:40 1985 580 67.8 92.
9:45 1963 574 67.5 92.
Average 1980.6 567.2 67.3 90.3
Water passed through boilor 642 lbs.
Mean temperature of gases 1273.9
Mean temperature of water in boiler 78.8
Difference 1195.1
Rise in temperature of water 23.0
B.T.U. given up to water 14766.
B.T.U. transmitted per degree range of temperature 12.32 
Loss due to scale 1.45 
Loss in per cent 10.15
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Test No. 71. 
May 17, 1906. 
Tube No. 23.
Time
A.M.
Decrees in Temrleratura ,F.--------------
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
9 50 1986 575 67.5 92.
9 55 1985 573 68 • 92.
10 00 1975 575 6 8. 91.8
10 05 1977 577 6 8 . 2 91.7
10 10 1980 579 67-5 92.
10 15 1980 580 67 . 92.6
10 20 1975 577 66.5 92.7
10 25 1982 581 66 .5 93.
10 30 1980 580 66.5 93.1
10 35 1980 581 6 6 . 2 93.2
10 40 1987 582 6 6 . 2 93.1
10 45 1978 580 6 6 . 93.2
1 n RD 1980 582 66 . __ 95 . g_
Ave)rage 1980.4 578.5 67.0 92.6
Water passed through boiler 630 lbs.
Mean temperature of gases 1279.5
Mean temperature of water in boiler 79.8
Difference 1199.7
Rise in temperature of water 25.6
B.T.U. given up to water 16128.
B.T.U. transmitted per degree range of temperature 13.4-3 
Loss due to scale .34 
Loss in per- cent 2.47
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Test No. 72. 
May 17, 1906. 
Tube No. 23.
Time
A
TIa c t a (ap. wr» Tenroera -hnr»<A ^ T? ._____________________
Furnace
Oases
Exhaust
Gases
Entering
Water
Leaving 
Water______
10:55 1982 581 66 . 93.3
1 1 : 0 0 1985 581 6 6. 93.3
11:05 1990 582 66 . 93.
1 1 : 1 0 1965 578 6 6. 93.
11:15 1972 584 6 6 .3 92.8
1 1 : 2 0 1978 584 67. 93.8
11:25 1973 582 67.4 93.
11:30 1982 585 67.8 93.2
11:35 1986 585 6 8. 93.
11:40 1985 584 68.5 93.5
11:45 1983 583 68.5 94.2
11:50 1982 582 68.5 94.2
11 '55 1 OOP 5 P.0 88.8 0 4 .
Average 1980.2 582.4 67.3 93.4
Water passed through boiler 635 lbs.
Mean temperature of gases 1281.3
Mean temperature of water in boiler 80.4
Difference 1200.9
Rise in temperature of water 26.1
B.T.U. given up to water 16580.
B.T.U. transmitted per degree range of temperature 13.70 
Loss due to scale .07 
Loss in per cent .51
Test Ho. 73 83
May 17, 1906.
Engine No. 590.
Road- 1 .0 .
Division- Chi.& Champ.
Time in use- 13 mo.
CHEMICAL ANALYSIS.
Constituents. Si 0.,
Fes O3
Al„ Or, Ca SO, Ca C0g Ca 0
Amount in $ 1 7 . 3 6
(Z, <J
5 . 6 8 1 1 . 7 5 1 7 . 1 1 1 1 . 5 9
Constituents. Mg CO* Mg 0 Moisture
Org. Mat. 
and Aik.
Amount in % 27.44 . 8 3 8 . 2 4
Time
P.M.
Dor-pees_iri Temnerature • F.O’Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
2:50 1998 576 64. ■ 86.5
2:55 1993 583 64. 87.
3:00 1996 590 64. 87.5
3:05 1986 578 64. 87.5
3:10 1972 584 64. 8 8.
3:15 1971 586 63.9 8 8 . 1
3:20 1970 587 63.5 88.5
3:25 1968 586 63.5 88.5
3:30 1978 590 63. 8 8 . 1
3:35 1995 585 63. 89.1
3:40 2005 585 63. 89.6
3:45 1975 585 62.8 90.2
3:50 1978 590 62.8 89.5
Average 1983.5 585 .0 63 .5 88.3
Water passed through boiler 630 lbs.
Mean temperature of gases 1284.3
Mean temperature of ■water in boiler 75.9
Difference 1208.4
Rise in temperature of water 24.8
B.T.U. given up to water 15524.
B.T.U. transmitted per degree of range of temperature 12.84 
Loss due to scale .93 
Loss in per cent 6.75
Tube No.24
Mean thickness of scale -.031" 
Character of scale- Hard,even,gray.
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Test No. 74. 
May 17, 1906. 
Tube No. 24.
Time 
P. K.
_ijn_TpTrmc>r»A! t.nre - tv.
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
?/ater
3:55 1980 590 63. 89 .
4:00 1978 589 63. 89.
4:05 1980 590 63. 88.7
4:10 1984 590 63. 88.5
4:15 1982 586 63. 8 8 .6
4:20 1982 592 62.1 87.7
4:25 1977 589 62.1 8 8.4
4:30 1977 590 63. 88.5
4:35 1983 592 62.8 89.
4:40 1977 590 63. 89 .2
4:45 1978 590 63. 89.8
4:50 1980 592 63. 90.2.
4: .25 1 982 592 82.1 91 .
Average 1980.1 590.2 62.9 89.1
Water passed through boiler 622 lbs.
Mean temperature of gases 1285.2
Mean temperature of water in boiler 76.0
Difference 1209.2
Rise in temperature of water 26.2
B.T.U. givem up to water 16300.
B.T.U. transmitted per degree range of temperature 13.48 
Loss due to scale .29 
Loss in per cent 2.10
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Test No. 75. 
May 17, 1906. 
Tube Ho . 24.
Time
P.M.
___'HpcfrpAn_irj_Tpmnp - E1 -
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
5 : 0 0 1985. 594 63.1 90.5
5:05 1980 590 63. 90.
5:10 1980 594 62.8 90.
5:15 1988 590 6-3. 90.3
5:20 1992 590 63. 90.5
5:25 1996 590 63. 89.8
5:30 1990 585 63.5 90.
5:35 1988 587 . 64. 89.8
5:40 1988 587 64.1 89.8
5:45 1984 586 64.3 89.1
5:50 1981 585 64.2 88.5
5:55 1989 588 64.2 8 8.
8 :0 0 1989 587 64.4 87.8
Average 1987.0 588.0 63.6 89.5
Water passed through boiler 654 lbs.
Mean temperature of gases 1287.5
Mean temperature of water in boiler 76.6
Difference 1210.9
Rise in temperature of water 25.9
B.T.U. given up to water 16950
B.T.U. transmitted per degree range of temperature 13.99 
Loss due to scale -.22 
Loss in per cent -1.60
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Test No. 76.
May 13, 1906. 
Tube No. 7. Retested.
Time
A.M.
P^ n*r>0--------w pR in T^ mpfippi.t.ure .F._________________
Furnace
Gases
Exhaust
Gases
Entering
?Jater
Leaving
Water
8:05 1985 570 64.8 8 8.
8 : 1 0 1992 570 64.8 8 8.
8:15 1992 570 65. 88.4
8 : 2 0 1993 571 64.8 89.
8:25 1998 573 64.8 89 .4
8:30 1995 570 64.5 89.
8:35 1990 572 64. 90.
8:40 1994 572 64. 89.5
8:45 1987 574 64. 89.4
8:50 1998 577 64. 89.3
8:55 1986 577 64. 89.1
9:00 1985 577 63.9 89.
9:05 1982 578 65.9 __BSU______
Average 1989 .8 573.2 64.5 89 .0
Water passed through boiler 610 lbs.
Mean temperature of gases 1281.5
Mean temperature of water in boiler 76.8
Difference 1204.7
Rise in temperature of water 24.5
B.T.U. given up to water 14945.
B.T.U. transmitted per degreerange of temperature 12.40 
Loss due to scale 2.01 
Loos in per cent 13.95
\
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Test Ho. 77.
May 18, 1906. 
Tube Ho. 7. Retested.
•
Time
A.M.
fin in TempersLture .
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
9:10 1987 578 64. 90.
9:15 1988 577 34. 89.8
9:20 1991 577 63.8 90.
9:25 1980 574 ■ 63.8 89.7
9:30 1982 575 63.8 90.
9:35 1985 575 63.5 91. '
9:40 1985 577 63. 90.5
9:45 1984 578 62.5 89.5 •
9:50 1985 577 62.5 89 .5
9:55 1988 577 62.5 88:5
1 0 : 0 0 1987 577 62.3 88.5
10:05 1995 578 62.3 8 8 . 2
1 0 ; 1 0 1992 575 62.3_______ 87-4____
Average 1986...8 576.5 63.1 89.4
Water passed through boiler 621 lbs.
Mean temperature of gases 1281.7 
Mean temperature of water in boiler 
Difference 1205.4 
Rise in temperature of water 26.3 
B.T.U. given up to water 16332.
B.T.U. transmitted per degree range of temperature 13.56 
Loss due to scale .85 
Loss in per cent 6.54
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Test No. 78.
May 18, 1906. 
Tube No. 7. Retested.
Time
A.M.
________ Degi?ees in Toirmeratur^,F,
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
1 0 : 2 0 1981 572 62. 8 6 . 2
10:25 1986 582 62. 8 6 .10:30 1976 578 62. 87.
10:35 1970 578 62. 87.210:40 1983 583 62. 07.6
10:45 1982 583 62. 87.710:50 1987 537 62. 87.310:55 1985 585 62. 87.8
1 1 : 0 0 1976 504 62. 87.7
11:05 1985 588 62. 87.9
1 1 : 1 0 1990 588 31.3 87.8
11:15 1986 537 61.8 87.7
1 1 : 2 0 1984 537 61.6 87 .4
Average 1982.4 583.2 62.0 ' 87.3
Water passed through boiler 620 lbs.
Mean temperature of gasesl282.8
Mean temperature of water in boiler 74.7
Difference 1208.1
Rise in temperature of water 25.3
I3.T.U. given up to water 15686.
B.T.U. transmitted per degree range of temperature 12.98 
Los3 due to scale 1.43 
Loss in per cent 9.93
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Test No. 79.
May 23, 1906. 
Tube No. 13. Cleaned.
Time
A.M.
in Tnnrnnrn.tnr a ________________
------------------------------ ^  (.3Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
1 0 : 0 0 1975 557 6 o. 2 92.2
10:05 1972 560 65.2 92.2
1 0 : 1 0 1980 557 65. 91.5
10:15 1990 560 65. 90.5
1 0 : 2 0 1985 560' 65. 90.
10:25 1988 560 64.8 89.8
10:30 1992 560 64.8 90.5
10:35 1980 565 64.8 91.
10:40 1982 565 64.7 91.2
10:45 1995 564 65.5 93.2
10:50 1985 564 66.3 96.2
10:55 1979 563 65.5 95.8
1 1 : 0 0 1980 562 65.7 93.2
Average 1983.3 561.3 65.1 93.0
Water passed through boiler 600 lbs.
Mean temperature of gases 1272.3
Mean temperature of water in boiler 79.1
Difference 1193.2
Rise in temperature of water 27.9
B.T.U. given up to water 16740.
B.T.U. transmitted per degree range of temperature 14.01
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Test No. 80.
May 23, 1906. 
Tube No. 13. Cleaned.
Time
A.M.
as in TArrmftratiirn *P-_________________
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
11:05 1968 569 65.4 95.2
11:10 1973 570 65.4 95.3
11:15 1970 576 65.3 94.3 .
11:20 1980 577 65.1 94.
11:25 1930 578 65.1 . 94.
11:30 1984 580 65. 93.8
11:35 1977 579 65. 93.
11:40 1980 578 64.9 93.
11:4o 1994 581 64.8 93.
11:50 1987 579 65. 92.7
11:55 1987 578 65. 92.5
12:00 1996 576 65. 92.21 9 r(">5 19Q5 575 65. 90.
Average 1982.4 584.3 65.1 93.5
Water passed through boiler 813. lbs.
Mean temperature of gases 1293.4 
Mean temperature of water in boiler 79.3
Difference 1204.1
Eiso in temperature of rater 28.4
B.T.U. given up to water 17470.
B.T.U. transmitted per degree range of temperature 14.50
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Test Ho. 81.
Hay 93, 1906. 
Tube No. 13. Gleaned.
Time
P.M.
Dogreeo in Tenpei’attire..F. •
Furnace 
C sec
Fxhaust
Gases
• Filtering 
Water
Leaving
Water
12 10 1993 3!,6 55. 9 2 . 2
12 15 1990 575 65.3 9 2 .
12 20 1985 570 65.5 91.8
12 25 1991 578 65.1 92.
12 30 1995 580 65. 91.8
35 1986 581 64.8 92.
12 40 1985 502 64.6 91.5
12 45 1996 579 64, 5 ■ 91.5
12 50 1997 575 64.6 91.4
12 ■ 1979 581 64.4 91.6
1 00 1970 581 64.3 92.
1 05 1975 575 65. 92.
1 .10 7 Qr'f> 575 5 . 94.
Average 1985.7 577.5 64: *9 • 92.0
Water passed through boiler 616 lbs.
Mean temperature of gases 1281.6
Moan temperature of water in boiler 78.5
Difference 1203.1
Rise in temperature of water 27.1
B.T.U. given up to water 16700.
B.T.U. transmitted per degree range of temperature 13.86
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Test No. 82.
May 24,1906.
Tube No. 4. Cleaned.
Time 
A .M.
in TArrmnnn t/iinn . F -
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving 
Water_____
8:30 1970 568 65.5 88.
8:35 1968 570 65.4 88.
8:40 1976 573 65.4 88.
8:45 1988 562 65.2 87.
8:50 1992 562 65. 87.
3:55 1998 565 65. 86.5
9:00 1993 564 65. 86.5
9:05 1998 565 65. 86.2
9:10 1985 565 64.8 86.
9:15 1987 565 64.8 86.5
.9:20 1999 567 64.8 86.
9:25 1968 568 64.9 85.8
9:30 1979 .567 65. R6.
Average 1984.2 566.2 65.1 86.7
Water passed through boiler 838 lbs.
Mean temperature of gases 1275.2 .
Mean temperature of water in boiler 75.9 
Difference 1199.3 
Rise in temperature of water 21,6 
B.T.U. given up to water 18100.
B.T.U. transmitted per degree range of temperature 15.08
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Test No. 83.
Kay 24, 1906. 
•rube No. 4. Cleaned.
Time 
A.LI.
Degro03 in Tempers.tnre .F.
Furnace
Gases
Exhaust
Gases
Entering
Water
weaving
Water
9:35 1968 568 65. 86.
9:40 1965 569 35. 83.2
9:45 1975 570 65. 86 .8
9:50 1975 570 35. 86.4
9:55 1975 570 35. 86.
10:00 1975 570 54.8 86.
10:05 1975 570 64.8 86.
10:10 1983 572 64.8 85.5
10:15 1980 572 34.3 85.4
10:20 1978 572 64.3 86.
10:25 1990 570 65. 86.
10:30 1980 569 65. 86.2
10:35 1968 569 65. 86.2
Average 1976.0 570.1 64.9 86.1
Water passed through boiler 839 lbs.
Mean temperature of gases 1273.1
Mean temperature of water in boiler 75.5
Difference 1197.6
Rise in temperature of water 21.2
B.T.U. given up to water 17800.
B.T.U'. transmitted per degree range of temperature 14.84
94
Tost No. 84.
May 24, 190G. 
Tube No. 4. Cleaned.
Time
A.M.
Degrees in  Temperature .F.
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
10:40 1970 570 65. 86.
10:45 1982 570 65. 86.
10:50 1982 570 65.1 86.
10: 55 1980 570 65.1 86.7
1 1 :0 0 1990 570 65. 86.5'
11:05 1975 570 65.1 86.8
11:10 1970 570 65.4 87.
11:15 1980 572 65.4 87.
11:20 1968 ' 572 65.5 87.
11:25 1968 . :572 65.7 87.
11:30 1980 572 65.4 87 • 3
11:35 1985 570 65.4 87.5
11 ; 40 1980 870 08.4.________ 8 0 .4
Average 1977.7 570.6 65.3 86.7
Water passed through boiler 828 lbs.
Mean temperature of gases 1274.2
Mean temperature of water in boiler 76.0
Difference 1198.2
Rise in temperature of water 21.4 
B.T.U. given up to water 17720.
B.T.U. transmitted per degree range of temperature 14.76
Test No. 05
95.
May 24, 1906.
Tube No. 24. Cleaned.
Time
P.M.
Degrens in Tenroenature.F.________________
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
2:30 1980 570 65. 83.
2:35 1990 575 65. 84.
2:40 1977 570 65. 85.
2:45 1975 565 65.4 87.
2:50 1980 568 65.8 88.2
2:55 1980 573 66 .2 90.5
3:00 1990 575 66.2 91.8
3:05 1977 576 66.5 92.
3:10 1977 570 66.8 92.
3:15 1995 575 66 .4 93.
3:20 1984 575 65.5 93.
2:25 1980 572 65.5 93.
2:30 1985 575 65.5 ' 93.____
Average 1982.3 572.2 65.8 89.7
Water passed through boiler 605 lbs.
Moan temperature of gases 1277.3
Mean temperature of water in boiler 77.8
Difference 1199.5
Rise in temperature of water 23.9
B.T.U. given up to water 14470.
B.T.U. transmitted per degree of temperature 12.04
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Test No. 86.
May 24, 1906. 
Tube No. 24. Cleaned.
_________Degrees in Ternnc;rature .F._______________
Time Furnace Exhaust Entering Leaving
P.M. Gases Gases Water Water
3:35 1980 57 6 65.4 92.5
3:40 1980 576 65.3 92.7
3:45 1980 575 65. 92.
3:50 1978 575 65. 92.
3:55 1978 575 65. 92.
4:00 1980 577 65. 93.
4:05 1980 577 65. 93.
4:10 1985 581 65.1 94.
4:15 1985 575 65.5 94.
. 4 :20 1975 582 65.5 95.
4:25 1978 578 65.5 94.5
4:30 1978 585 65.4 95.5
4:35 1985 585 65.2 95.5
Average 1980.2 578.2 65.2 93.5
Water passed through, boiler 607 lbs.
Mean temperature of gases 1279.2
Mean temperature of water in boiler 79.4
Difference 1199.8
Rise in temperature of water 28.3
B.T.U. given up to water 17180.
B.T.U. transmitted per degree range of temperature 14.32
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Test No. 87.
May 24, 1906. 
Tube No. 24. Cleaned.
Time
P.M.
__ Degrees in Temperature.F.__
Furnace
Gases
Exhaust
Gase-s
Entering
Water
Leaving
Water
4:40 1985 589 65. 95.7
4:45 1995 585 65. 95.5
4:50 1995 583 65. 95.
4:55 1995 584 65. 95.
5:00 1975 585 65. 95.2
5:05 1988 585 65. 95.5
5:10 1992 . 585 65. 94.5
5:15 1965 584 64.8 94.5
5:20 1968 585 64.8 94.
5:25 1975 584 64.7 93.7
5:30 1980 585 64.6 93.7
5:35 1980 587 64.6 93.
5:40 1972 588 64.7 92.7
Average 1982.0 585.3 64.9 94.5
Water passed through boiler 622 lbs.
Mean temperature of gases 1283.7
Mean temperature of water in boiler 79.7
Difference 1204.0
Rise in temperature of water 29.6
B.T.U. given up to water 18400.
B.T.U. transmitted per degree range of temperature 15.26
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Tost No* 88.
May 24, 1906. 
Tube No. 25. Cleaned.
Time
__A.M.___
Pnpr-pP!ah In TempersXJ - oFurnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
8 30 1975 590 66.2 95.2
8 35 1975 585 66.2 95.2
8 40 1978 598 66. 95.4
8 45 1978 598 66,. 95.
8 50 1990 596 66 • 95.
8 55 1990 599 66. 95.
9 00 1975 600 65.8 -95.
9 05 2005 600 65.8 95.
9 10 1995 596 65.8 95.
9 15 1980 595 65.8 96.
9 20 1978 595 65.5 95.
9 25 1975 593 6,5. 93.Q JSQ___ 1965 5Q5 65. 93.
Average 1980.7 595.2 , 65.8 94.8
Water passed through boiler 609 lbs.
Mean temperature of gases 1288.0
Mean temperature of water in boiler 80.3
Difference 1207.7
Rise in temperature of water 29.0
B.T.U. given up to water 17660.
B.T.U. transmitted per degree range of temperature 14.62
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Test No. 89. 
May 25, 1906. 
Tube No. 25. Plain.
Time
P.M.
Degr _in Tnrn-norvit.-nn^  ____
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
2:05 1995 580 67.5 92.4
2 : 1 0 2008 572 67. 92.5
2:15 1965 580 66.5 92.
2 :20 1972 585 : 66.5 92.5
2:25 1968 587 6 6. 93.2:30 1965 590 66 • 93.
2:35 1975 590 6 6. 92.8
2:40 1990 587 6 6. 93.4
2:45 1995 508 65.5 93.52:50 1978 590 65.5 93.6
2:55 1975 590 65.5 93.83:00 1972 593 65.5 93.73:05 1972 594 65-2 9 ^ . 4
Average 1979.2 586.6 66 • 1 93.1
Water passed through boiler 603 lbs.
Mean temperature of gases 1282.8
Mean temperature of /water in boiler 79.6
Difference 1203.3
Rise in temperature of water 9 7 . 0  
B.T.U. given up to water 16280.
B.T.U. transmitted per degree range of temperature 13.51
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Test No• 00•
May 25, 1906. 
Tube No. 25. Plain.
Time
P.M.
________ Dftgreiaian_ixi_Tnrrmr .Fa
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Y/ater
3:10 1970 595 65. 93.8
3:15 1970 597 65. 94.
3:20 1980 593 65. 94.
3:25 1980 589 65. 94.
3:30 1978 586 65. 94.
3:35 1970 589 65. 94.4
3:40 1970 592 65. 94.6
3:45 1975 587 64.8 93.8
3:50 1982 590 64.7 93.3
3:55 1984 589 64.5 92.5
4:00 1993 589 64.5 91.5
4:05 1983 588 64.5 91.4
.4; 10____ ____19.75____ 588 64.5 91.7
Average 1977.5 590.2 64*9 93.3
Water passed through boiler 616 lbs.
Moan temperature of gases 1283.9
Mean temperature of water in boiler 79.].
Difference 1204.8
Rise in temperature of water 28.4
B.T.U. given up to water 17490.
B.T.U. transmitted per degree range of temperature 14.50
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Test No. 91.
May 25, 1906. 
Tube No. 25. Plain.
Time
P.M.
Decrees in Temperature.F.____ _________ —
Furnace
Gases
Exhaust
Gases
Entering
Water
Loaving
Water
--3TT5 ----1977 587 64.5 91.8
4:20 1977 585 64.5 91.7
4:25 1977 587 64.5 91.8
4:30 1978 588 64.5 91.8
4:35 1987 587 . 64.7 91.9
4:40 1982 587 64.8 91.9
4:45 1975 587 64.8 92.
4:50 1976 586 64.8 93.
4:55 1971 586 64.8 93.8
5:00 1965 587 64.8 94.3
5:05 1988 593 64.8 94.
5:10 1992 592 64.8 94.
5:15 1980 590 64.8____ , 93.5_____
Average 1978.8 587.8 64.7 92.7
Water passed through boiler 600.
Mean temperature of gases 1283.3
Mean temperature of water in boiler 78.7
Difference 1204.6
Rise in temperature of water 28.0
B.T.U. given up to v/ater 16790.
B.T.U. transmitted per degree range of temperature 13.92
102.
Test No. 92.
May 25, 1906. 
Tube No. 25. Plain.
Time
P.M.
PerrQA.q_in_TAmr>Ar»Rt,nr»n . F .__
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
5:20 1974. 587 64.8 98.5
5:25 1973 589 64.7 92.
5:30 1970 590 64.2 91.
5:35 1985 598 64. 90.
5:4-0 1987 590 64 • 89.5
5:45 1990 585 64. 88.9
5:50 1986 586 63.6 89 .
5:55 1986 587 63.6 89.9
6:00 1986 588 63.6 91.
6:05 1981 591 63.6 91.7
6:10 1983 593 63.6 92.2
6:15 1979 597 63.6 91.8__6;20___ ___1P79_____ 601 6 3.6 ___ 01,1
Average 1981.5 589.4 63.9 90 .8
Water passed through boiler 675 lbs.
Mean temperature of gases 1285.5
Mean temperature of water in boiler 77.4
Difference 1208.1
Rise in temperature of water 26.9
B.T.U. given up to Y/ater 18160.
B.T.U. per degree range of temperature 15.03
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Toot No. 93.
May 25, 1906. 
Tube No. 25. Plain.
Time
P.M.
________Degrees In Teirrpei’ature.F.
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
6:25 1990 600 63.5 91.1
6:30 1996 598 63.5 91.
6:35 1991 '597 63.5 90.4
6:40 1981 590 63.5 90.5
6:45 1976 587 63.4 90 .
6:50 1979 692 63.3 89 . 9
6:55 1983 589 63.3 89.4
7:00 1991 585 63.3 89.
7:05 1988 573 63.3 88.6
7:10 1992 571 63.4 88.5
7:15 1992 568 63.4 88.3
7: 20 1981 560 63.4 88.2
7:25 1978 565 63 .4 88.1
Average 1986.0 583.1 63.4 89 .5
Water passed through boiler 699 lbs.
Mean temperature of gases 1284.6
Mean temperature of water in boiler 76.5
Difference 1208.1
Rise in temper ture of water 26.1 
B.T.U. given up to water 18250.
B.T.U. transmitted per degree ra age of temperature 15.11
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Test No • 94.
May 25, 1906. 
Tube No. 25. Plain.
j
Time
P.M.
Decrees in Temperature.F.---------------
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
--7730 1978 567 63.3 88.2
7:35 1995 568 63.3 88.2
7:40 1995 568 63.3 88.3
7:45 1997 566 63.2 88.4
7:50 2002 565 63.1 88.
7:55 1999 563 63. 88.1
8:00 1995 563 63. 88.2
8:05 1973 560 63.1 88.
8:10 1978 563 63.2 88.1
8:15 1983 567 63.1 88.4
8:20 1988 564 63.1 88.1
8:25 1972 564 63.1 88.2
R:?;n 1979 r r  . e
Average 1986.6 564.7 63.1 88.2
Water passed through boiler 700 lbs.
Mean temperature of gases 1275.7
Mean temperature of water in boiler 75.7
Difference 1200.0
Rise in temperature of water 25.1
B.T.U. given up to water 17570.
B.T.U. transmitted per degree range of temperature 14.62
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Test No. 95.
May 25, 1906 
Tube No. 25. Plain.
Time
P.M.
Derr:rees in Tertvpoaturo.F .________________---------------— w o
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
----- RT35---- 1980 563. 63.1 88.S-
8:40 1980 563 63. 86.2
8:45 1970 553 63. 85.4
8:50 1979 552 63. 84.
8:55 1986 550 63. 82.9
9:00 2002 548 63. 82.2
9:05 2002 546 62.7 82.4
9:10 1986 533 62.7 82.
9:15 2080 525 62.9 82.4
9:20 1950 515 62.9 81.9
9:25 1943 520 62.7 81.8
9:30 1980 525 62.6 81.6
9 :36 1990 526 62.4_____  ___ 81 ..6____
Average 1986.8 539 .2 62.8 83.3
Water passed through boiler 960 lbs.
Mean tempe rature of gases 1263.0
Mean temperature of water in boiler 73.1
Difference 1189.9
Rise in temperatu re of water 20.5
B.T.U. given up to water 19680.
B.T.U. transmitted per degree range of temperature 16.54
106
Tost No• 96• 
May 25, 1906. 
Tube No. 25. Plain.
Time
P.M.
Decrees in Temne]rature.F.________________
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
10:15 T599 550 62.1 83.6
10:20 2011 550 62.1 84.2
10:25 1997 562 62.1 84.2
10:30 2001 562 62.1 85.
10:35 2000 561 62.2 85.2
ia:40 2000 560 62.2 85.4
10:45 2000 559 62.2 85.4
10:50 2001 558 62.2 85.8
10:55 1998 559 62.2 85.8
11:00 2003 557 62.2 85.6
11:05 2016 557 62.2 86.
11:10 * 2010 553 62.2 86.
11:15 2008 548 62.2 86.
Average 2003.4 557.3 62.2 85.2
Water passed through boiler 773 lbs.
Mean temperature of gases 1280.4
Mean temperature of water in boiler 73-7
Difference 1206.7
Rise in temperature of water 23.0
B.T.U. given up to water 16870.
B.T.U. trnsmitted per degree range of temperature 13.97
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Test No. 97.
May 25, 1906. 
Tube No. 25. Plain.
Time 
P.M__
__ DftpTfiPiFi_i n T^ mr)oratnrfi . F._______________
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
11:20 1984 543 62.2 86.2
11:25 1983 542 62.3 86.3
11:30 1970 543 62 • 3 85.8
11:35 1995 551 62.3 85.9
11:40 2022 559 62.3 86.7
11:45 2009 559 62.6 87.2
11:50 2002 558 62.6 87.
11:55 2002 559 62.6 86.
12:00 2001 559 62.6 86.4
12:05 2001 558 62.7 85.9
12:10 2009 559 62.7 85.5
12:15 • 2010 557 62.6 85.4
12:20 20 T 7 556 62.6 85.
Average 2000.4 554.1 62.5 86.1
Water passed through, boiler 847 lbs.
Mean tempera,ture of gases 1277.3
Mean temperature of water in boiler 74.3
Difference 1203.0
Rise in temperature of water 23.6
B.T.U. given up to water 19990.
B.T.U. transmitted per degree range of temperature 16.60
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Toot No. 98.
May 28, 1906.
Tube No. 12. Cleaned.
Time
A.M.
_n n_Tftm-nftm.t/n'Pft « F«_______ _______
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
8:45 1975 580 63. 84.8
8:50 1987 567 62.8 84.8
8:55 2002 564 62.2 84.2
9:00 ' 1950 575 62. 83.7
9:05 1965 540 62. 82.8
9:10 1977 565 62. 82.5
9:15 1965 577 61.8 82.5
9:20 1970 584 61.8 82.4
9:25 1978 589 61.8 82.5
9:30 1988 585 61.7 93.
9:35 1988 584 61.6 93.
9:40 1990 585 61.5 93.5Q ; 4-p 1OR7 58? 61.5___ __ 04.______
Average 1978.6 575.2 62.0 86.5
Water passed through boiler 710 lbs.
Mean temperature of gases 1276.9
Mean temperature of water in boiler 74.5
Difference 1202.6
Rise in temperature of water 24.5
B.T.U. given up to water 17595.
B.T.U. transmitted per degree range of temperature 14.46
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Test No. 99.
May 28, 1906. 
Tube No. 12. Cleaned.
Time
A.M.
Degrftps in Temt)erature*F.________________
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
9:50 1988 585 61.5 84.2
9:55 1980 584 61.5 84.5
10:00 1976 587 61.5 84.
10:05 1998 585 61.5 83.5
10:10 2002 582 61.3 82.7
10:15 1998 580 61.4 82.6
10:20 1990 580 61.4 82.
10:25 1996 581 61.3 82.
10:30 1986 580 61.3 82.
10:35 1992 580 61.3 82.
10:40 1997 580 61.3 92.
10:45 1990 583 61.3 82.2
10:50 1990 582 61.4 82.6
Average 1991.8 582.2 61.4 82.8
Water passed through boiler 738 lbs.
Mean tempera-ture of gases 1287.0
Mean temperature of water in boiler 72.1
Difference 1214.9
Rise in temperature of vrater 21.4
B.T.U. given up to water 15790.
B.T.U. transmitted per degree range of temperature 13.00
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Test No. 100.
May 28, 1906.
Tube No* 12. Cleaned.
Decrees in Temnerature.F
Time
A.M.
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
10:55 1990 586 61.5 82.7
11:00 1998 587 61.5 83.
11:05 1988 590 61.5 82.8
11:10 1976 589 61.6 83.
11:15 1976 588 61.6 83.8
11:20 1976 588 61.6 84.
11:25 1975 590 61.8 84.2
11:30 1984 590 61.8 84.7
11:35 1985 590 61.8 84.1
11:40 1980 590 61.8 83.8
11:45 1978 587 61.5 83.
11:50 1975 589 61.5 82.81 970 588 61.5 88.5— ll: f:D---
Average
JL D i
1980.9
u u u
588.6 61 • 6 83.4
Water passed through boiler 705 lbs.
Mean temperature of gases 1284.8
Mean temperature of water in boiler 72.6
Difference 1212.2
Rise in temperature of water . 21.8
B.T.U. given up to water 15370.
B.T.U. transmitted per degree range of temperature 12.68
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Test No. 101.
May 28, 1906. 
Tube No. 3. Cleaned.
Time
P.M.
DeP-roea in Tenroerature .F.___ _ ___________
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
3:40 1970 568 63.2 84.
3:45 1973 569 63.2 84.
3:50 1975 565 63. 84.
3:55 1970 567 63. 83.5
4:00 1970 568 63. 83.5
4:05 1978 570 63. 83.8
4:10 1978 570 62.8 83. '
4:15 1980 572 62.5 82.5
4:20 1980 574 62.3 82.
4:25 1978 575 62.2 81.
4:30 1995 577 62.2 80.3
4:35 2004 575 62.1 ,80.
4:40 1988 575 62.4 81.5
Average 1980.0 571.2 62.7 82.6
Water passed through boiler 818 lbs.
Mean temperature of gases 1275.6
Mean temperature of water in boiler 72.6
Difference 1203.0
Rise in temperature of water 19.9
B.T.U. given up to water 16290.
B.T.U. transmitted per degree range of temperature 13.52
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Test No. 102.
May 28, 1906. 
Tub© No. 3. Gleaned.
Degrees in Tempei\atur e . F.____;
Time Furnace Exhaust Entering' Leaving
P.M. Gases Gases Water Water
4:45 1990 577 62.5 82.8
4:50 1985 578 62.5 83.
4:55 1978 580 62.5 83.5
5:00 1988 580 62.5 84.
5:05 1978 580 62.4 84.
5:10 1978 580 62.2 84.
5:15 1986 582 62. 83.
5:20 1978 580 62. 82.6
5:25 1975 578 62. 80.5
5:30 1971 577 62. 80.
5:35 1980 578 62. 80.
5:40 1985 578 61.8 81.
5:45 1975 575 61.8 81.9
Average 1980.5 578.7 62.2 82.3
Water passed through boiler 816 lbs.
Mean temperature of gases 1279.6
Mean temperature of water in boiler 72.3
Difference 1207.3
Rise in temperature of water 20.1
B.T.U. given up to water 16400.
B.T.U. transmitted per degree range of temperature 13.59
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Test No. 103.
May 28, 1906. 
Tube No. 3. Cleaned.
Time
P.M.
_in_TArrvnnr*n » F «________________
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
5:55 1989 580 61.8 82.
6:00 1976 582 61.5 82.
6:05 1982 583 61.4 81.7
6:10 1987 584 61.4 81.7
6:15 1991 586 61.6 81.8
6:20 1997 587 61.7 82.
6:25 1996 586 61.8 81.7
6:30 1997 588 61.8 82.2
6:35 1999 ' 587 61.9 82.3
6:40 1992 586 61.9 82.2
6:45 1993 586 62. 82.3
6:50 2003 587 62. 82.8
6:55 1Q9R 888 62. 82.8
Average 1992.1 585.2 61.8 82.1
Water passed through "boiler 809 lbs.
Mean temperature of gases 1288.7
Mean temperature of water in boiler 72.0
Difference 1216.7
Rise in temperature of water 20.3
B.T.U. given up to water 16430.
B.T.U. transmitted per degree range of temperature 13.50
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Test No.. 104.
May 29, 1906.
Tube No. 19. Cleaned.
Time
A.M-.
D ost] ip
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
9:30 1950 570 76. 108.
9:35 1965 575 71.5 107..
9:40 1987 577 68.5 104.5
9:45 1965 570 67.2 103.
9:50 1970 570 67. 102.
9:55 1970 570 67. 101.
10:00 1975 575 67. 100.6
10:05 1965 575 67. 100.
10:10 1980 575 67. 99.
10:15 1990 575 66.7 98.
10:20 1975 574 66.3 96.
10:25 1975 575 66.5 96 •
i  o  • a d l  o a f ; S70 66.1 °5.O f w
Average 1973.2 573.2 68.0 100.8
Water passed through boiler 602 lbs.
Mean temperature of gases 1273.2
Mean'temperature of water in boiler 84.4
Difference 1188.8
Rise in temperature of water 32.8
B.T.U. given up to water 19720.
B.T.U. transmitted per degree range of temperature 16.60
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Test No. 105.
May 29, 1906.
Tube No. 19, Cleaned.
Time
A.M.
Degrees in Temperature.F._______________
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
10 35 1975 574 65.5 93.5
10 40 1983 573 65.3 92.7
10 45 1970 570 65.4 94.
10 50 1975 574 65.5 95.
10 55 1982 572 65.7 95.5
1 1 00 1982 570 65.8 96.2
1 1 05 1985 574 6 6. 96.5
1 1 10 1980 571 66 ♦ 97.8
1 1 15 1976 570 6 6 . 98.
1 1 20 1976 573 6 6 . 98.
1 1 25 1975 574 65.5 96.5
1 1 30 1970 572 64.8 95.
1 1 RR 1970 57n 65 .5____ 95.______
Average 1976.9 572.1 65.5 95.5
Water passed through boiler 606 lbs.
Mean temperature of gases 1274.5
Mean temperature of water in boiler 80.5
Difference 1194.0
Rise in temperature of water 30.0
B.T.U. given up to water 18180.
B.T.U. transmitted per degree range of temperature 15.21
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Test No. 106.
May 29, 1906.
Tube No. 19. Gleaned.
Time
A.M.-
prfiof’* in Tfimj
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
11:40 1976 570 63. 93.
11:45 1980 577 62.8 92.5
11:50 1980 576 62.2 93. ■
11:55 1988 574 62. 94.
12:00 1990 577 62. 94.5
12:05 1990 579 62. 95.
12:10 1984 575 62. 94.
12:15 1992 578 61.8 93.8
12:20 1985 576 61.8 92.8
12:25 1975 578 61.8 92.
12:30 1975 577 61.8 92.
12:35 1980 576 61.8 93.
12:40 1990 576 61.8 95.3
Average- 1983.5 596.0 62.1 93.3
Water passed through holler 684 lbs.
Mean temperature of gases 1289.8
Mean temperature of water In boiler 77.7
Difference 1212.1
Rise in temperature of water 31.2
B.T.U. given up to water 18850.
B.T.U. transmitted per degree range of temperature 15.56
117.
Tost No. 107.
May 29, 1906.
Tube No. 21. Cleaned.
Time
P.M.
____Pep- in
Furnace
Gases
. Exhaust 
Gases
Entering
Gases
Leaving
Gases
2:50 1970 566 61.8 83.5
2:55 1985 564 61.8 - 83.5
3:00 1988 565 61. 83.2
3:05 1988 576 61. 83.5
3:10 1998 580 60.4 84.
3:15 1982 578 60.2 85.
3:20 1990 578 60. 85.
3:25 1994 577 60.5 86.
3:30 1996 577 60.8 86.
3:35 1990 580 61. 86.7
3:40 1990 584 61. 87.
3:45 1995 583 61. 87.2
3:50 1988 580 61. 88.5
Average 1988.8 576.0 60.9 85.3
Water passed through boiler 631 lbs.
Mean temperature of gases 1282.4
Mean temperature of water in-boiler 73.1
Difference 1208.3
Rise in temperature of water 24.4
B.T.U. given up to water' 15400.
B.T.U. transmitted per degree range of temperature 17.7
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Test No. 108.
May 29, 1906. 
Tube No. 21. Cleaned.
Time
P .M .
DorrPPAR n n ThTrmor»n tilr»A . W __________________________
Furnace
Gases
Exhaust
G ases
Entering
Water*________
Leaving 
__Water----
3 :55 1984 586 61. 89.
4 :0 0 1984 583 61. 88 .
4 :0 5 1982 582 6 1 .2 88 .
4 :1 0 1983 585 6 1 .3 8 7 .8
4 :1 5 1988 588 6 1 .2 88 .
4 :2 0 1990 588 6 1 .1 88 .
4 :2 5 1990 587 6 1 .1 88 .8
4 :3 0 1982 585 61 .1 8 8 .8
4 :3 5 1975 586 6 1 .1 89.
4 :4 0 1980 585 6 1 .3 89 .
4 :4 5 1985 585 6 1 .3 87.
4 :5 0 1988 585 61 . 86 .
A • RS_______ 1QO0 QS .T , tJU
Average 1981 .5 585 .1 6 1 .1 8 8 .0
Water passed through boiler 632 lbs.
Mean temper ture of gases 1283.3
Mean temperature of water in boiler 74.6
Difference 1208.7
Rise in temperature of water 26.9
B.T.U. given up to water 17010.
B.T.U. transmitted per degree range of temperature 14.06
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Test No. 109.
May 29, 1906.
Tube No. 21. Cleaned.
Time
P.M.
Dr err*hops i r,_Tnmnfir
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
5:00 2006 582 61.2 85.5
5:05 1998 583 61. 86.
5:10 1988 582 61. 85.1
5:15 1986 580 61. 85.5
5:20 1986 580 61. 85.2
5:25 1990 579 61. 85.4
5:30 1990 580 61. 85.5
5:35 1980 599 61.1 87.
5:40 1975 580 61.2 87.8
5:45 1976 582 61.3 88.4
5:50 1980 578 61.5 89.5
5:55 1990 578 61.5 90.20 • 00 1984 578 81,5 90.5
Average 1988.4 579.3 61.2 87.1
Water passed through boiler 616 lbs..
Mean temperature of gases 1283.9
Mean temperature of water in boiler 74.2
Difference 1209.7
Rise in temperature of water 25.9
B.T.U. given up to water 15950. ~
B.T.U. transmitted per degree range olWtemperature 13.18
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Tost No. 110.
May 30, 1906. 
Tube No. 23. Gleaned.
Decrees in Temnerature.F.
Time Furnace Exhaust Entering Leaving
A.M. Gases Gases Water Water
— 10:50-- ---1050 --- 570 64. 89.
10:55 1970 568 63.5 89.5
11:00 1980 570 63.4 90.
11:05 1975 570 63. 90.
11:10 1985 565 63. 09.5
11:15 1980 570 63. 89.
11:20 1976 . 570 63. 08.
11:25 1980 567 63. 87.
11:30 1960 576 62.8 86.
11:35 1965 577 62.5 86.
11:40 1975 577 62.2 85.8
11:45 1985 580 62.2 85.5
__11:5.0__ ___1975 578 62.2 86.
Average 1974.3 572.2 62.9 86.3
?/ater passed through boiler 6351bs.
Mean temperature of gases 1273.3
Mean temperature of water in boiler 74.6
Difference 1198.7
Rise in temperature of water 23.4
B.T.U. given up to water 14850.
B.T.U. transmitted per degree range of temperature 12.39
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Teat No * 111. 
May-30, 1906. 
Tube No. 23. Cleaned.
Time 
A.M.— ■
_in_Tftm'nflmt.iirfi *________________
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
11:55 1985 575 62.2 86.5
12:00 1994 580 62.2 87.
12:05 1990 581 62.2 87.
12:10 1990 579 62.3 87.
12:15 1995 585 62.3 87.2
12:20 1985 583 62.3 87.4
12:25 1985 534 62.3 87.5
12:30 1988 585 62.5 88.
12:35 1998 532 62.5 87.8
12:40 1984 583 63. 87.6
12:45 1981 583 63. 87.5
12:50 1976 582 63. 88.
12:55 1970 582 63. 87.8
Average 1986.2 581.9 62.5 87.4
Water passed through boiler 622 lbs.
Mean temperature of gases 1284.1
Mean temperature of water in boiler 75.0
Difference 1209.1
Rise in temperature of water 24.9
B.T.U. given up to water 15480.
B.T.U. transmitted per degree range of temperature 12.80
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Tost No. 112. 
May 30, 1906. 
Tub© No. 23. Cleaned.
Time
P.M.
______________ TtoP-rROH i n  Tftmnfi:rn.t.-nr»Q * F -
Furnace
Gases
Exhaust
Gases
Entering
Water
Leaving
Water
1:00 1976 581 63. 87.5
1:05 1978 582 62.6 87.3
1:10 1980 583 62.8 87.6
1:15 1973 584 62.9 87.5
1:20 1980 583 62.8 87.8
1:25 1977 585 62.8 87.4
1:30 1978 583 63. 86.8
1:35 1983 585 63. 86.3
1:40 1992 585 62.5 86.2
1:45 1993 581 62.5 87.2
1:50 1993 581 62.2 . 88.4
1:55 1976 580 62.2 90.2
_2:00___ ______ 1997 5R9 62.3 89.8
Average 1982.8 . 582.7 62.7 87 .7
Water passed through boiler 634 lbs.
Mean temperature of gases 1282.8 
Mean temperature of water 75.2 
Difference 1207.6 
Rise in temperature of water 25.0 
B.T.U. given up to water 15860.
B.T.U. transmitted per degree range of temperature 13.13
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SUMMARY OF RESULTS.
Tube
No.
Thickness of Scale 
in Inches.
Av. Loss due To
Scale in Per cent.
1 .060 6.55________
2 .048 19.25
3 .071 17.86
4 .018 17.27
5 .084 J 13.72
6 .090 2.69
7 .083 12.25
8 .070 4.72
9 .062 10 .42
10 .057 15.34
11 .060 3.08
12 , .045 7.81
13 .070 6.71
14- .065 14.35
15 .087 4.20
16 .057 9.39
17 .104 24.73
18 .085 18.84
19 .080 13.00
20 .047 .49
21 .040 4.26
22 .032 5.73
23 .053 4.38
24 .031 2.42
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E. CALCULATIONS.
The method of calculating the different items in the tables is 
as follows:
Temperature of entering water - t-^
" " leaving
Rise in temperature
= t.
- t2-t
Weight of water passing through boiler = W 
B. T. U. transmitted by tube = Wx(t0-t)
Temperature of furnace gases = T-^
Temperature of exhaust gases = T2
Mean temperature of gases = _ l f  2Of j
tl^t2
2
2
Mean temperature of water 
Range of temperature = R
B. T. U. per degree, range of temperature = B. T..U.
R
* D. T. U.(
Range f
clean tube
clean tube
B.,T. U. (scaled tube) 
Range (scaled tube = Loss,
T . B. T. U. (clean tube ) _ ^  
Lo3a *■ ES££S------- (STSsS  ~tu§e' j = ft-0™
■* Thomas Preston, in Preston's Heat, pp. 629, is authority for 
the statement that the heat transmitted through the tubes varies 
directly as the range.
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P. CONCLUSIONS AND REMARKS.
Prom the results of the tests, herein tabulated, it is quite 
obvious that the presence of scale upon bbiler tubes causes a 
finite loss of heat. This of course was to be expected as all mat­
ter resists the conduction of heat to a greater or less extent, 
depending upon the specific kind of matter as well as the quanti­
ty of it. These tests as well as those made previously show that 
this s resistance to the passage of heat” depends not only upon 
the thickness of the scale, but also upon the specific quality—  
chemical composition, etc* To determine how it varies with the 
quantity and the n specific quality’’, the suggestions made that 
the scale be either deposited upon the tube by heating in water 
holding in solution a quantity of the various ingredients ordi­
narily contained in scale, or by making up a paste with these in­
gredients and painting this on the tubes and then baking it on, 
are splendid were they practical. After consultation with Professor 
Parr, of the Chemistry Department, however, it was decided that 
these methods were not practical; the length of time necessary 
for the first method would not permit of its being used; as to 
the second it would be necessary to introduce some*matter —  
foreigh to the scale on the boilers —  to act as the binding 
substance. For these reasons the suggestions mentioned above 
were not acted upon.
The losses were calculated from the B, T. U. transmitted per 
degree range of temperature by the scaled tubes compared to the 
average of the B. T. U. transmitted per degree range of temper­
ature by the clean tubes. It was thought that the tubes used by 
the two railway companies which sent scaled tubes to be tested
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might vary in material, etc., and hence would not transmit the 
same number of B. T. U. per degree range of temperature. Acting 
upon this consideration it was decided to compare the results 
of the scaled tubes with the average of the results of the clean 
tubes from the 3ame company only. In this way the losses for the 
tubes were computed.
As was expected quite a little difficulty was experienced in 
connection with the operation of the burner. However after plac­
ing a 2 inch pipe over the 1^> inch pipe and packing the inter­
vening space with asbestos the burner worked t>ery satisfactorily, 
and was easily controlled.
In view of the fact that the results obtained from the same 
tube varied so greatly in several cases, it seems to me that 
enough is not known at present concerning the transmission of 
heat through plain tubes under varying conditions such as dif­
ferent quantities of water flowing through the boiler in a spec­
ified time, different furnace temperatures, etc. It does not seem 
reasonable that ezperiraental errors should be held to account 
for the variation in the results from a single tube, but rather 
that the undetermined effects of varying one or more of the con­
ditions in testing, 3uch as temperatures, etc*, should be held 
accountable for this. With this in mind it is then certainly 
logical to suggest a series of tests upon a plain tube or tubes 
to determine these effects.
It is the present intention of the Experimental Engineering 
Station to continue the tests upon scaled tubes and to test not 
only each tube with the scale on , but also to test each tube 
with the scale removed. This is to be highly commended, especially
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if each clean tube ia tested under the same conditions as were 
the scaled tubes.
